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A Severe Tunnel-Lining Fire 
on the Southern Pacific 
Railway* 

By Grorce W. Wapet AnD Ernest T. LANGDALEt 

The Cuesta Grade on the Coast Division of the South- 
ern Pacific Ry. through the Santa Lucia Mountains, 
240 miles south of San Francisco, is a maximum 2.20% 
with a maximum curvature of 10°. The Coast Division 
is one of the company’s two heavy-traffic lines connecting 
northern and southern California, and is rapidly becom- 
ing one of the most popular and fastest passenger divi- 
sions in the west. In passing through the range, six 
tunnels penetrate the mountains, and the road-bed twists 
around rugged peaks and abrupt caiions; the caions 
slightly timbered, and the brushy hills offer fair grazing 
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save the telegraph line over Tunnel 8, and being grad- 
ually forced by the heat into the tunnel for refuge, the 
foreman and his gang started toward Tunnel 7 and dis- 
covered that the portal of that tunnel was on fire. Re- 
alizing that a passenger train was soon due, Foreman 
Duignan made a hazardous run through Tunnel 7, 
which is 1371 ft. long, to get to a telephone booth at 
Thyle, a spur located just beyond the west portal of 
Tunnel 7, hoping to communicate with the dispatcher, 
but he could raise no one eastward on account of wires 
presumably being down, though he did succeed in rais- 
ing an agency some 100 miles west. A fire train in charge 
of a roadmaster and trainmaster with all available forces 


arrived at the east portal about 3:30 >.m., from San 
Luis Obispo, 12 miles east. The fire had gotten too 
great headway by this time, there being a strong wind, 





Fig. 1. West Enp or Tunnet, Looxine East, on Oct. 6 


(Transfer trail at upper level on left, county road at — level. Fire had been burning 19 days when this picture was 
taken.) 


for stock. The distances between Tunnels 6, 7, 8 and 9 
average about 1000 ft. 

On Sept. 17, 1913, a tramp prepared breakfast over 
a small camp fire built in a ditch between Tunnels 7 and 
8, and went his way. A mountain breeze fanned the re- 
maining embers into flame, carried the fire to the ad- 
jacent grass, rapidly spread over about 1000 acres of 
mountain slopes, and got to the portal at the east end of 
Tunnel 7, which was timbered as shown in Fig. 2. The 
fire resulted in the demoralization of “Coast Line” traffic 
for 51 days, and made it necessary to handle the con- 
gested traffic via the “Valley Route” on a single track 
over the famous Tehachapi grade. 

The fire that eventually destroyed Tunnel 7 was first 
discovered by Section Foreman Duignan, about 9:30 
a.m., Sept. 17, and had then spread over the hills between 
Tunnel 7 and Tunnel 8. After making an attempt to 





*Briefly noted in “Engineering News,” Dec. 18, 1913, p. 1234. 


+Asst. Engrs., Southern Pacific Co. Coast Division, Third 
and Townsend Sts., San Francisco, Calif. 





and little could be done on account of falling lagging, 
intense heat, etc. The day was o-e of the hottest of the 
season, the temperature being 109° F. 

Trains 21 and 22, “The Coasters,” had then arrived 
and a rough trail, approximately 2000 ft. long, was 
brushed out over the hill and, in spite of the intense heat 
and steepness of the trail, which was littered with 
charred brush and hot ashes, all passengers were safely 
transferred before dark. 

The Division Superintendent’s special from San 
Francisco arrived at the fire about midnight and it was 
decided to seal both ends of the tunnel with timbers and 
to inject steam in an effort to extinguish the fire. The 
seals were completed and steam supplied by a locomotive 
stationed at each end, was turned in about 10 a.m., Sept. 
18. The injection of steam was kept up continuously 
for the next 48 hours. 

In the meantime, carpenter gangs assembled 2nd were 
put to work cutting and framing timbers and preparing 
to re-timber the tunnel when conditions permitted. All 
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trains were detoured, except trains 21 and 22, “The 
Coasters,” and trains 23 and 24, “The Locals,” which 
were allowed to run as far as San Luis Obispo, 12 miles 
east, and Cuesta, 2 miles west; the passengers and light 
baggage, mail, and express, being transferred by auto- 
mobile service over the intervening 14 miles. This method 
of transfer continued until Oct. 4, at which time a trail 
3200 ft. long on an easy grade had been completed around 
the tunnel and the automobile service discontinued, it 
being unsatisfactory to railroad company and passengers 
on account of the dangerous mountain road. The trail 
proved enjoyable and satisfactory to passengers and some 
6000 people traveled over it in the intervening month 
before the tunnel was again opened to traffic. 

Early in the morning of Sept. 20, small cracks were 
appearing above and back of the seals and it was dis- 
covered that the steam, to a sma!l extent, was penetrating 
and dissolving the rock, which is of an argillaceous for- 
mation. Small cave-ins occurred and it was thought ad- 
visable to discontinue the pumping of steam. 

Arrangements had previously been made with The 
Pure Carbonic Co., of Berkeley, Calif., for a carload 
of 99% pure carbon dioxide and, upon its arrival the 
forenoon of the 20th, the plant was set up at the west 
end and the liberation of the gas into the tunnel began 
at 6 p.m. Applications were made at intervals until 
5 o’clock the following morning, about 10,400 lb. of gas 
being used. The gas was shipped in steel containers 
into which it had been forced under pressure of 1000 Ib. 
per sq.in. at a temperature of 60° above zero. The con- 
tainers were of two sizes; the smaller containing 22 |b. 
or 170 cu.ft.; the larger containing 52 lb. or 400 cu.ft. 
When liberated, the gas expands at the ratio of 55 to 1 
and the temperature drops to 104° below zero, The 
chemist accompanying the shipment, directed his efforts 
toward getting a test of 10% of gas at the east or lower 
end of the tunnel. 

The method of injecting the gas consisted of assemb- 
ling 14 containers and connecting them to one pipe, the 
group being designated a “battery.” This battery was 
set up about 86 ft. from the west portal on a level with 
the track and connected up to one 2-in pipe through 
which was threaded a 1-in. steam line for warming the 
gas. This double pipe projected into the tunnel for a 
distance of about 15 ft. beyond the seal. Seven contain- 
ers were in constant discharge, the switch being made to 
the opposite seven when the first seven became exhausted. 
Ordinarily, it required 18 min. to discharge a battery of 
14 containers. 

A thermometer inserted into the tunnel through a 
porthole in the seal on the east end about 9 o’clock reg- 
istered 212° F. The test for gas at this time showed the 
presence of 5.5%. At 2:50 a.m., Sept. 22, following a 
small cave-in back of the seal on the east end, the gas 
test showed 5.2%, the temperature averaging 200°. The 
temperature at this end had dropped to 185° by 7 o’clock. 

Cave-ins had continued to occur back of both seals and 
it was decided to open up both ends. Immediately after 
the seal was removed from the west end about 8 o’clock, 
Sept. 22, a string of four flat cars was pushed to the face 
of the tunnel and 50 men started removing about 200 
cu.yd. of material which bed caved in with the removal 
of the seal. Ten men were installed at the face and 
worked 10-min. shifts, passing the dirt to the first car, 
from which it was worked by a series of passes to the 
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last car. The volume of smoke and gas, which was sma 
at first, gradually increased and at 10 o’clock it was ge: 
erally conceded that fire still existed in the tunnel, po: 
sibly piles of embers that the gas had not penetrated. 

After removing the seals there was no timber in sigh! 
in the east end, nothing remaining but piles of charco 
and ashes. On the west end, however, the timbers wey 
standing intact as far as could be seen. Several trips of 
inspection were made by volunteers, in each case the nx 
returning exhausted and nearly overcome by the heat ani 
gas. The fact, however, was determined that about 400 
ft. of the tunnel timbers were unburnt but that fire wa 
still alive beyond this point. The tunnel was then 1 
sealed and another consignment of carbon dioxide ordere 

The second experiment with the gas began at 3 o’clock 
in the morning of Sept. 23. Thermometer readings taken 
just before the gas was turned in showed the tempera 
ture to be 194° at the west end and 302° at the east 
end. Temperatures taken and tests for gas made at fre- 
quent intervals during the 28 hr. of the second appli-, 
cation showed that, as the percentage of gas increased: 
the temperature dropped. The temperature on the west 
end at 7 a.m., Sept. 25, registered 113°, the gas test re- 
cording 16.8%. The maximum gas test during the ex- 
periment was 25.2%. On the east end, the temperature 
fluctuated between 212° and 140°, the gas test showing 
a maximum of 15%. In the second application 13,032 
lb. of gas were used. 

It was then decided to remove the seal on the west 
end only, the east end to remain closed. Accordingly, 
the west seal was removed at 8 a.m. and men worked 
their way into the tunnel under protection of a battery 
of air nozzles fed by four air pumps through ordinary 
fire hose. An attempt was made to erect a bulkhead of 
l-in. lumber between posts at a point 216 ft. in but men 
could not stand the heat and gas and the bulkhead was 
abandoned after being built to the springing line. A 
second attempt was made to erect a bulkhead at a point 
200 ft. in, this time the bulkhead being assembled on the 
outside and carried in in sections. This was also aban- 
doned when about half done on account of heat and gas, 
the latter being so strong that it was necessary to use 
fusees for lights, a fusee being the only kind of light 
that would burn. The heat at this time registered 96° 
at the floor and much hotter at the roof. Several of the 
strongest men who volunteered were overcome, requir- 
ing assistance to the outside and resuscitation. A third 
attempt was made to-erect a bulkhead at a point 60 ft. 
in and abandoned when half complete for the same rea- 
sons as above stated. 

While the attempt was being made to erect a bulkhead 
in the west end, it became apparent that some scheme 
should be devised whereby the gas and heat could be 
forced out of the tunnel without generating sufficient 
draft to rekindle the fire. Accordingly, a wooden 
chimney, 3 ft. by 4 ft. by 24 ft. long, was constructed 
and placed upright with its base just above the roof line 
of the tunnel on the east end. A pipe was connected at 
the bottom and steam forced upward through the chim- 
ney beginning at 7:40 p.m. This forced draft drew 
great quantities of smoke and gas through the chimney. 

On the west end, the draft was established west- 
ward and a stream of steam and smoke about 1 ft. thick 
moved along just below the top segments, increasing in 
an hour to a thickness of about 2 ft. About 8:30 p.m., 
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an in peetion was made in the west end and it was found 
that ue atmosphere was clear and cool, the “sucker” 
weer ug to have the effect of lifting all gas and heat 
from the tunnel floor. At 9 o’clock the steam in the 
chim vey was shut off and a porthole about 30 in, square 
mac in the east seal. Through the hole it was possible 
to about 60 ft. into the tunnel, the atmosphere being 
fairly clear. The presence, also, of charcoal flames was 
discovered on the floor and the porthole was immediately 
rescaled. For the remainder of the night a small quantity 
of steam and light smoke escaped from the west portal. 

‘he next morning, Sept. 26, the temperature on the 
west end had dropped to 70° at the floor line and 104° 
at the roof. It was now possible to complete the bulk- 
head at the 60-ft. point which had been abandoned the 
night before. Temperature in the east end ranged from 
178° to 242°, the highest reading being obtained by rest- 
ing the thermometer on the rock at the roof line. The 
seal was pulled out of the east end about 9 a.m., very 
little gas or smoke escaping, and gangs put to work 
mucking out preparatory to setting a steam shovel in. 
At 8 o’clock that night the temperature at a point 24 
ft. in, registered 311° 

In the west end, the bore seemed to be gradually cool- 
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ing and it was thought that, on the morrow, it would be 
sufficiently cool for men to enter and complete the bulk- 
head at a point 200 ft. in and, from this bulkhead, ex- 
aminations could be made, by men in oxygen helmets, of 
a large part of the unexplored section of the tunnel. It 
was arranged to borrow a couple of experienced firemen 
from the San Francisco Fire Department with their oxy- 
gen helmets. During the day, several jars or quakes were 
felt by men working in the vicinity of the east portal and 
by night it was suspicioned that heavy masses of rock 
were falling from the roof and closing the bore. It was 
later discovered that this suspicion was well founded. 

On the morning of Sept. 27, a 5-yd. steam shovel 
started on the east end to remove the material which 
had slid in when the portal burned. It was necessary to 
handle the shovel with a work engine, the engine alter- 
nately pushing the shovel to the slide and pulling it out 
to dump into a ravine about 60 ft. from the portal. A 
continuous jack-arm rest was made by using three rails, 
the middle one inverted, interlocked and supported by 
blocking. Early in the afternoon the heat became very 
intense on the east end and it was feared that the fact 
of that end being open was causing sufficient draft to re- 
kindle fire. A wooden curtain was cpnstructed over the 
hole and it was found necessary to continually play water 
on it to prevent its burning. 

The two San Francisco firemen arrived at the west 
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end about 4 p.m., Sept. 27, and up to 9 o’clock had, by 


suceessive trips, worked their way into the tunnel a dis- 
tance of 320 ft., the temperature being 165° beyond the 
216-ft. bulkhead previously mentioned. On their last 
trip. in, the fire could be seen at a point about 30 ft. be- 
yond and it was suggested that men go in with water 
lines, protected by air nozzles, and attempt to extinguish 
the flames. 
constructed on a push car and about 10 o’clock a charge 
was made on the three bulkheads, 60 ft., 200 ft, and 216 
ft. in, respectively, knocking them down and the port- 
able bulkhead rolled ahead for protection against heat 
and smoke. Ata point 280 ft. in, a small pile of débris 
Was encountered which, after being well soaked, was 


Following this suggestion, a bulkhead was 


shoveled to the sides in order to crowd the bulkhead for- 
ward. The débris consisted of smoldering segments, lay- 
ging, muck, etc. At this time the atmosphere was quite 
clear in the immediate vicinity of the air blower and 
water line. The smoke, gathering in a dense cloud along 
the roof, made it impossible to see what condition the 
timbers above were in and, as advance was made, the 
force of the water was played on the roof to dislodge any 
loose lagging or rocks, thereby making it safer to pass 
under. 

At a point 330 ft. in, a small pile of smoldering em- 
bers blocked the passage of the car and the packing was 
on fire at this point. By 11 o’clock this fire had pre- 
sumably been extinguished and the car with bulkhead 
advanced to a point 380 ft. in, where another pile of 
smoldering débris blocked the passage and it was dis- 
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382 Ft long, 0 Degree Curve, Lath ---> 


Division, SOUTHERN Paciric Co. 


Section,” 10x14-in. sticks with 3-in. plank lagging through- 
retimbering in square sets as shown All sets spaced 2% 


covered that there was considerable fire in the overhead 
packing at this point. Ahead, for an indefinite distance, 
could be seen a bright illumination. As advance was 
made, the heat became more intense and the smoke hov- 
ered nearer the track, making it very difficult and dis- 
couraging for men to come to the front to relieve those 
handling the nozzle. It became necessary by this time 
to relieve men at 5-min. intervals. 

The playing of water on the débris at and beyond the 
point 380 ft. in continued until about 1:30 a.m., Sept. 
28, when, suddenly, the top timbers 50 ft. behind burst 
into flame and the men on the nozzle had to make a 
hasty and perilous retreat through the falling embers, 
some of the men requiring assistance to the outside and 
resuscitation. The water and air lines were quickly with- 
drawn and a vain attempt made to confine the fire. The 
heat and smoke, however, was too great and at 4 a.m.,, 
all efforts were centered on protecting the portal. It 
was then realized that the only thing to do was to let the 
timbers burn out as quickly as possible. The slipping 
condition of the ground around the portal made it im- 
perative to keep the timbers standing so as to prevent 
the possibility of a slide coming down and bottling the 
fire. By 6 o’clock, the portal was aflame and slowly 
crumbled away. At 3 p.m., 


black smoke and steam. 


the bore was closed except 
for a small hole at the top through which escaped heavy 



















































The steam shovel on the east end had cleaned out all 
of the material it could reach by 4 p.m., Sept. 28, and 
was sent away, the balance of the mucking being done 
by hand. On Sept. 29, the temperature had dropped suf- 
ficiently to permit of an inspection being made and, al- 
though the floor was covered with piles of hot embers and 
rock and an intimidating rock would occasionally fall 
from the roof, the fact was determined that for 450 ft., 
there were no timbers and at this point a slide had 
come in from the roof almost completely filling the 
bore. This proved, later, to be a cave which en- 
tirely blocked the tunnel and extended up into the moun- 
tain an indeterminate distance. The rock in the cave 
was of a serpentine formation and, subjected to the in- 
tense heat, had crumbled somewhat, although some rocks 
of a diabase formation were also found. 

In the meantime, in the east end, a few temporary por- 
tal timbers had been erected and the track gangs em- 
ployed in cleaning out muck, taking out distorted rail, 
and laying new track, This was tedious and dangerous 
work, the temperature ranging as high as 160° for sev- 
eral days and not until an air blower was installed was 





Fie. 3. West Porta on Sept. 28 


the morning following 
Flames were flickering 


(This picture was taken: early in 
a strenuous night of fire fighting. 
over the top timbers of the portal) 


there any decided lowering of temperature. Water was 
used extensively to cool off the floor but the too rapid 
cooling made the danger from spalling rocks greater. 
Spalls and rocks to an average depth of three feet cov- 
ered the track. Carbide lights were used at first but 
these added to the heat, and the danger from explosion 
was ever present because of so few men understanding 
their use. Electric lights were later installed. The 
progress for the first 400 ft. into the tunnel was very 
good but, on reaching the caved-in material, became very 
slow and tedious. The gas wss bad and the temperature 
ranged between 80° on the floor and 125° at the roof. 

While work was thus proyrressing on the east end, the 
steam shovel at the west end had cleaned out the cave 
at the portal and the rock had cooled sufficiently to per- 
mit the setting of temporary portal timbers. Beyond 
the portal the temperature of the rock in the roof ranged 
as high as 27 On one occasion the temporary portal 
timbers caught fire. Water was used in this end, also, 
for cooling purposes and. an air blower installed. On 
Oct. 11, fifteen’sets of posts were placed on 8-ft. centers 
but not until the 15th could the segments be raised. 
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The débris on the track in this end was very light ; 
no amount was encountered until reaching a point al 
250 ft. in, and from this point to the toe of the s| 
piles about 5 ft. high alternated with almost clear spa 
Work progressed favorably for 800 ft., which brought ¢ 
temporary timbering to the toe of the cave-in. At 1 
time the slide was estimated to be 60 ft. through alc 
the roof line and 110 ft. at the bottom (see Fig, 2). 

On the morning of Oct, 17, in the east end, the tin 
bers having been set for 393 ft. in, the ground began | 
work badly and a big slide took place, knocking o 
one set of timbers and filling up about 24 ft. of the tu 
nel, All ideas of mucking out the slide by ordinar 
methods were then abandoned and it was decided to dri: 
a 6x6-ft. drift high enough in the cave so that sets o! 
long timbers could be placed, within which a concret 
section could be later built. Seven of these sets wer 
placed on 3-ft. centers with great difficulty, the mate: 
ial continually crowding down and finally they were 
abandoned for the lower sets. This drift, which was 5° 
ft. long, was driven in exactly three days, the miners suf 
fering much from the heat which at times ranged as high 
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Fie, 4. West Portat on Oct, %, SHowina Cave 

(After steam shovel had removed all the material it could 
reach, The distance from top of rail to top of slide is 65 ft, The 
steam shovel worked during the last few hours under an 
overhang of about 10 ft. and to protect the craneman from 
falling rocks, it was necessary to construct a timber canopy 
on the boom.) 
as 147°. In addition to the heat there was considerable 
charcoal gas and steam. Upon excavating, later, it was 
found that a great deal of semi-burnt smoldering timber 
was buried in the material from which the foul gases 
emanated. As soon as the drift. was completed, breast 
boards were driven and excavation and erection of tim- 
bers followed shortly. 

On the west end, timbering was progressing rapidly 
and by Oct. 25, was within 46 ft. of the drift. Progress 
then began to drag on account of heavy ground encoun- 
tered in the east end and the amount of muck increasing 
in the west end, the tunnel floor being covered to a 
depth of about 8 ft. with huge rocks which had to be 
broken up with gads and hammers. At this stage, to in- 
sure safety to the men working ahead of the timbered 
section, five 12x12-in.x38-ft. crown bars were placed, 
spanning the gap between the last set of timbers on the 
west end and the crown of the cave. 

Both ends were now being worked under almost iden- 
tical conditions. At noon on Oct. 30, the timbers in the 
drift showed signs of failure and by 9 p.m. it was 
thought advisable to place two 12x14-in.x32-ft. timbers 
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through the drift to reinforce it. By the evening of 
No. 2, the gap between the two ends of the tunnel had 
hee) reduced to 28 ft. and mucking was progressing 
slovly but favorably. 

he next 24 hr. saw the gap reduced to LI ft. and it 
wa. decided to take this material all out at one time. Ac 
cordingly, five 12x12-in. crown bars were driven above 
the original drift, the ends made to rest on the timbers 
already in place. With this protection, the balance of 
the muck was removed, timbers put in place, lagged, and 
at 3 am., Nov, 4, a work train was run through the 
tunnel. Normal traflic was resumed on Nov. 7%. 

In the course of retimbering, a total of 11,780 cu.yd. 
of rock and earth, which had dropped from the walls and 
roof of the tunnel, was removed, Of this amount, 2890 
vd. were from the cave-in. All temporary timbers, ex- 
cept those at the cave-in, were placed on 8-ft, centers. At 
one time 350 men were employed, the average being 250 
men per day working &-hr. shifts. 

To furnish steam for the generators supplying electric- 
ity for lighting purposes and to operate the water pumps, 
a switch engine was spurred out at each end of the tun- 
nel and used ag a stationary, Gasoline engines were used 
to operate the pumps which supplied the 12-in, air lines. 
A complete telephone system was installed, the east-end 
station being designated as “Hurry-up”; the west end 
being known as “Hows-she-coming.” A doctor was in con- 
stant attendance and the camp boasted of a drug store, 
hospital, commissary, a scenic boulevard, freight yards, 
and one of the largest fire departments in the state. 

Owing to the roughness of the country, it Was neces- 
sary to spur out the east-end outfits at a point 4000 ft. 
from the tunnel and at the west end the outfits were 
spurred out 6000 ft. from the tunnel, the men being 
hauled to and from work by the work train. Short spurs 
were laid at each end for switching facilities. Switch 
ing was quite difficult on account of the 2.2% grade end 
10° curves. 

Concrete work is now in progress and it is proposed 
to construct concrete portals, a 50-ft. concrete section in 
the east end, a 100-ft, section in the west end, and a 100 
ft. section at the point where the large cave-in occurred. 


Cost Data 


An absolutely accurate detailed cost statement is not 
available at the present time. However, the following 
figures are a very close approximation : 


Labor Material Total 


Extinguishing fire $5,800 $5,800 
Relaying track. 1,500 $1,300 2,800 
Mucxing, including disposition of same . 23,000 23,000 
Temporary erecke for outfit cars... 1,500 2,500 4,000 
Handling material..... 1,500 1,500 
Framing and placing timbers, 825,000 ft. b.m.. 11,000 15,500 26,500 
Steam, air and water lines, laying and operat- 

ing ce enna 4,000 1,000 5,000 
Electric lights, installing and operating 700 250 950 
Work-train service, including fuel. 7,500 3,500 11,000 
Fuel, gasoline, candles, ete. 1,700 1,700 
Hardware, bolts, spikes, ete... . 400 400 
Miscellaneous, hose, sacks, canvas, carbonic 

gas, old ties, wedges, ete. 4,000 4,000 
Shop charges, store expense, use of tools, ete. 2,000 2,000 
Buite ing trails, handling baggage, mail, express 

ete, , : 1,200 1,200 
Automobile hire, transferring............ 6,000 6,000 
Incidentals, cleaning up, ete ............... 300 300 

Nc hwcbewetie ceceseuceeteseve eevee» $64,000 $32,150 $96,150 


Of this amount, it is expected that about $70,000 will 
be handled by the insurance fund. The concrete work, 
which is now in progress, is being handled as an “Addi- 
tion and Betterment.” 

The work was carried out by the forces of the South- 
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ern Pacific Co., under the direction of Thomas Ahern, 
Division Superintendent and R. M. Drake, District En 
gineer, The writers were on the work practically all of 
the time, 
w 
A Very Heavy Test Load on a 40-ft. relnforced-concrete 
highway bridge was made In 1911-12 by the Illinols Highway 
Commission under the direction of A. N. Johnson, the engineer 
for the Commission, and ts described in a paper by D. A 
Abrams in the 1913 “Proceedings” of the American Soctety 
for Testing Materials, Just issued. The bridge under test was 
a 40-ft. reinforced-concrete girder bridge, in which the two 
outside girders and floor were of monolithle construction It 
was designed for the usual loading of 125 Ib. per aq.ft. unl- 
form load or a 24-ton traction engine load distributed over 
an area 10x12 ft It was completed about Jan. 1, 1908, and 
was tested for amall loadsa several times previous to July 
1911, when the load here noted was placed and continued 
from that time until September, 1912 Deflection and deform 
ation measurements were made at different times during th: 
entire loading The maximum load was equivalent to 309 
tons per girder, in addition to the welght of the bridge, and 
the floor slab carried an applied load of 418 tons for over a 
year without signs of serious stress These loads amount 
from nine to thirteen times the maximum load that a bridge 
of this kind would be expected to carry in service. The maxi 
mum stress of the longitudinal girder steel as determined 
from the deformation measurement was about 25,000 Ib. per 
aq.in, The stress computed for the same load under the as 
sumption that steel for the girders takes all the tenalle stress, 
is 47,000 lb, per sq.in. It is rather difficult with the trregula: 
section of the bridge to determine the exact position of the 
neutral axis from theoretical considerations, but it Is evident 
from the difference between the two figures given above that 
the concrete must have carried In tension a considerable part 
of the stress. The paper by Mr. Abrams has been reprinted 
in separate form, It contains drawings of the bridge, views 
of it during construction, and all of the resulting figures of 
the computations, 


Mw 

Conercte Tile Blocks are being manufactured In a specially 
built factory in the Canal Zone, for uae of the new Adminia- 
tration Building at Balboa, The process used is the invention 
of A, A. Pauley, who tnstalled the manufacturing plant and 
who has granted the sole right for manufacture on the Isth- 
mus of Panama to the United States. The blocks are mann- 
factured by a wet process quite different from the dry pro- 
cess generally used in making concrete blocka. 

Concrete is mixed in the plant in the proportion of one 
part of cement, one and one-half parts of sand, and two parts 
of stone screenings. It is mixed fairly wet. Each molding 
machine is capable of turning out four of the smaller blocks 
at a single operation, and three of the larger sized blocks 
The forms are inclosed within a double cast-steel lining with 
a space between for the priming steam In molding a block 
the first step is to insert at the bottom of the form a cast- 
iron frame having the shape of the solid portion of the re- 
quired block. This acts as a base and support for the block 
The valve from the concrete mixer is then opened and the 
concrete is allowed to flow down a short chute to the top of 
the mold A workman then diverts the thin or wet concrete 
with a trowel into the crevices around the forms until all 
are filled level with the top, Steam, which may be graduated 
to the desired pressure by a series of valves located beneath 
the machine, is then turned on for a period of four minutes, 
at the end of which time the concrete has so stiffened that 
it will stand alone and is turned out of the mold by 
of a crank, which pushes out the interior form. The blocks 
are then lifted from the mold and transferred to short lengths 
of wooden planking and placed on receiving racks, which 
are on a combined moving platform and elevator system, 
which carries the blocks to the curing room 

The curing room consists of 24 galvanized-iron compart- 
ments, each about 45 ft. long, 4 ft. wide, and 8 ft. high, en- 
tirely Inclosed. In these rooms the blocks are given thet: 
perfecting treatment, which consists of a combined steam and 
water dripping process, devised to facilitate the setting up 
and hardening of the blocks, so that within 48 hours they are 
ready to be removed to the storage yard 

Each unit of the plant is operated by individual electrie 
motors, The steam is generated by two boilers located in a 
shed outside the plant. 

Blocks to be made are 12x12x18 in., for foundations or 
walls, 8x12x12 in. for main walls, 8x8x16 in. for corners, 
6x12x12 in. and 4x12x12 in. for partitions, and 3x12x12 In. for 
interior columns. 
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Survey in the Sonora Dese: . 


By Orro LEMBERGER* 


SYNOPSIS—A narrative account of a survey in an ad- 
jucent but little known part of the world, the western 
part of the Sonora Desert, in Mexico, south of the State 
of Arizona, U. 8. A.; giving an interesting account of 
the difficulties, hardships and adventures of a surveyor, 
as commander-in-chief of a hastily recruited party ; illus- 
trating the engineer in some of his most fascinating work 

a pathfinder and explorer in the desert and the harbin- 
ger of civilization—and a description of the country and 
ats possibilities. 

x 

One day in August, 1910, two gentlemen entered my 
office in Chihuahua, State of Chihuahua, Mexico, and 
asked if | could survey for them a tract of approximately 
300,000 acres of mesa land in the little known Sonora 
desert, which is a continuation in Mexico of the ill-famed 
Yuma desert of Arizona. They showed me a map of tha 
land and described the country as a mesa devoid of veg- 
etation and level as a table. According to their opin- 





Fig. 1. Survey Party on THE Marcu 

ion there was not the least obstacle to overcome. We 
agreed upon a salary and expenses, to begin from the day 
I left Chihuahua until my return te that city. Work 
was expected to start in November. 

November came but with it a revolution in the State 
of Chihuahua, insignificant for several months, but end- 
ing eventually in the conflagration which cverthrew the 
Diaz government. It was not until after many postpone- 
ments and disappointments that a permit was finally 
granted by the Madero government for the survey, to be 
made in four months dating from Oct. 24, 1911. On 
Dec. 2, I left Chihuahua for Yuma, Ariz., to take up the 
work. 

Although I had been repeatedly informed by the pro- 
moters that preparations for the survey would be made 
before my arrival at Yuma, so that I could devote my 
whole time to the survey work, it was ten days before 
I was able to leave Yuma with a party hastily recruited. 

This outfit consisted of an old wagon and a new cart 
with their teams and six animals for riding and driving 
purposes. The outfit came from Colonia Lerdo, Mex., 
an old settlement on the lower Colorado River. The men 
were recruited partly from Yuma, partly from Somerton, 
Ariz., and the rest, who owned the wagon and animals, 
came from Colonia Lerdo. The Colonia Lerdo men were 
hired for the reason that it was thought good policy to 
engage some men well acquainted with the desert. It 
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soon developed, however, that the wagon, animals 
men were unfit to carry out the work satisfactoril, 
the whole party had to be reorganized. 

The animals were half-starved and not fit to dra 
heavy wagon load through the deep sand. The men. 
pecially the Mexicans from Colonia Lerdo, proved ai 
tire failure. They were accustomed to the free lif 
cowboy and hunter and could ill adapt themselves to : 
strict discipline of a surveying camp. 

As typical of the experiences a surveyor in this part 
the world is apt to meet under similar circumstances. | 
will mention one of this party in particular, who had 
served as a guide for hunting parties and at first con. 
eration would have appeared to be a valuable accession to 
the party; but he thought everything should be done a - 
cording to his ideas, and he was an extremely lazy fellv\ 
and a drunkard besides. He tried to scare my by saying 
that without him, who knew every waterhole in the des«rt 
and every place to dig for water, we would soon suffer 
from thirst and be forced to abandon the survey. 

Nevertheless, I did not hesitate to discharge the whole 
outfit with the exception of one man, a cowboy from 
Lower California, who knew some of the waterholes. THe 
proved a willing worker and stayed with me through the 
whole survey. The reorganized party consisted of 9 
men, 11 mules, 1 horse and 2 dogs, as shown in the photo- 
graph, Fig. 1. 

It was not until Dec. 12 that I finally left Yuma, head- 
ing southerly across the desert toward Monument 20) 
of the international boundary between the United States 
and Mexico, which was to be the starting point of a sur- 
vey based on the following instructions from the Mex- 
ican Government: 

The survey of the land situated in the District of Altar, 
State ef Sonora, to be executed as follows: 

1, Point of departure is Point I, which is the intersec- 
tion of the astronomical meridian through Monument 204 of 
the international boundary line between the United States 


and Mexico and a parallel line to said boundary line at a 
distance of one kilometer. 

(2) Thence from this Corner I along the astronomical 
meridian until the rim of the mesa is reached, to a point IT; 
it is understood that this line must not interfere with any 
lands now privately owned, which must be proven in the re- 
port to the governnrent by locatin, the nearest corners of the 
said land in regard to the west lice of this survey. 

(3) Following the rim ef the mesa in a southeasterly di- 
rection to Corner IIT, determined by the condition that the 
astronomical meridian III-lV intersects the line I-IV in a 
point TV in such a way that the perimeter I-II-ITI-IV-I in- 
cludes an area of 118,737 ha. 27a. 26 centia, with a toleration 
of 3 per mil. 

The report must be accompanied by photographs, original 
field notes and maps. On the final map the lines I-II and III- 
IV must be parallel lines. The survey is further subject to 
the rules and regulations as prescribed for the survey of 
national lands. 

These instructions for linear measurements require that 
the sides be measured directly, provided that the inclination 
of the ground is not greater than 3% and of such character 
that tape measurements can be made without the use of a 
plumb bob, and that the opening of blazes is unnecessary. 
Tape as well as stadia measurements are to be repeated at 
least once. If the foregoing methods are not practicable, tri- 
angulation is to replace them. Corners as well as line mark- 
ers must be constructed as permanent monuments. In the 
case of triangulation, all triangulation points must be per- 
manently marked. If the lines are measured directly, per- 
manent line monuments must be set from two to four kilo- 
meters apart. 
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the case of triangulation no angles smaller than 20° 
or lerger than 120° are to be used. The base lines are to be 


m ired with a steel tape, provided with a tension measure 
and applying the correction for temperature. The precision 
of ‘he length measurements must not be inferior to those 


al ed for stadia measurements. Angles are.to be meas- 
ure! to the nearest minute, following the practice as indi- 
cated on the maps of the adjoining lands. 

he boundary lines of national land grants are always 
ré red to be referred to some point of known geographical 
position. In case this is impossible the geographical position 
of one of the corners must be established. 


DESCRIPTION OF THE SURVEY 


Survey work was commenced Dec. 14, 1911, at Monu- 
ment 204, international boundary, about 20 miles south 
of Yuma, Ariz. The instruments used were a Gurley’s 
surveyor’s transit reading to 1’, with a complete vertical 
circle also reading to 1’; a Gurley reconnoissance transit, 
with one vernier on the horizontal limb, reading to 1’ 
and with a reversion level and diagonal prism and sun 
glass, and a vertical circle also reading to 1’; two 50-m. 
steel tapes; one spring balance; one thermometer; one 
aneroid barometer reading to 16,000 ft., two sets of sur- 
veyors’ pins; one stadia rod; range poles; one metallic 
tape; one set of drawing instruments; an Elgin watch, 
23 jewels; and several reference books, a dozen blank 
field-books; drawing paper; a celluloid 8-in. protractor, 
and other necessary drafting utensils. The only fault 
to be found with the surveying instruments was the un- 
protected vertical circles, the graduations of which suf- 
fered from the prevailing climatic conditions. 

The first field operation consisted in the careful ad- 
justment of all the instruments. The next operation was 
the establishment for a reference line of the true bearing 
of the international boundary from Monument 204 to 
Monument 203. For this purpose two sets of sun ob- 
servations were taken, each consisting of six observations, 
one set with telescope direct and the other with telescope 
inverted. ‘The geographical position of Monument 204 
was scaled from a plan of the international boundary 
line, as I did not have at that 
time the data on its position, 
which were later obtained 
from the U. 8. Government. 

Corner I of the tract to be 
surveyed could now be estab- 
lished. The calculation of the 
distance on the astronomical 
meridian from Monument 
204 to Corner I made the dis- 
tance 1061.05 m. This dis- 
tance was measured three 
times on an offset line with 
a 50-in. steel tape. The 
ground was level and cleared 

Fig. 2. Type or Monv- Ff any bushes. ay 

MENT UsEp MonuMENt—The perma- 

nent monuments consisted of 

old boiler pipes, 4 in. in diameter, cut inta lengths of 

about 6 ft. Galvanized-iron pipes 114 in. in diameter 

with a cross-piece on the bottom would have been far 

superior to the heavy, rusty boiler pipes, but the pro- 

moters furnished the cheaper boiler pipes notwithstand- 

ing that the added cost of transportation and distribu- 
tion made them the most expensive in the end. 

Four wood forms and about 50 sacks of cement were 
included in the outfit with the intention of inclosing the 
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pipes in concrete monuments. Corner I was thus con- 
structed, but owing to the difficulties of transportation 
the forms and most of the cement were abandoned near 
the first corner, and they were afterward taken back to 
Yuma. 

All monuments after the first were constructed as 
shown in Fig. 2. In this manner about six monuments 
were built with one sack of cement. All the pipes were 
given two coats of black paint before being set, and the 
station numbers were painted on in white. The monu- 
ments were planted by the survey party as the work pro- 
gressed. 

Tue West Line—The extension of the astronomical 
meridian to the south is 53,786.6 m. This was measured 
partly with a 50-m. steel tape and partly by stadia. Four 
to five men were used for actual field work. When giv- 
ing the line one man stood behind the instrument to re 
peat my hand signal with a large flag to the flagman 
ahead, who had a similar flag. 

The head flagman had already been given orders to 
walk in an indicated direction or to line himself roughly 
by other line signals, so that he was always near line. He 
was provided with a good fieldglass and went ahead as 
far as he could and still be able to distinguish the transit- 
man’s signals. This was often difficult because of the vi- 
bration of the air due to the burning sun. The flagman 
was accompanied by one or two axmen who cleared the 
line of bushes for stadia sights and opened blazes when 
the distances were measured by tape. The signalman be- 
hind the instrument was also provided with a fieldglass, 
so that he was able to watch the movements of the head 
flagman. 

The line was thus staked out, always reading the ap- 
proximate distance between hubs by means of a pedom- 
eter and a speedometer on the wheel of the cart, which 
read to tenths of a mile. The head flagman was always 
told which line point would be a permanent monument 
and was directed to choose a prominent point, so that the 
monument could be seen for a great distance in either di- 
rection along the line. Every instrument station was 
marked with a flag signal. As soon as two permanent 
monuments were established and their direction checked, 
these intermediate signals were recovered (for economical 
reasons). 

All the permanent line monuments were marked by 
large signals carefully set to line by instrument. These 
signals were 22-ft. poles, made by nailing together two 
12-ft. poles. The flag at the top was made of 1x3-in. 
boards, 3 ft. long, on which were fastened alternate strips 
of red and white cloth. Fig. 3 shows one of these signals 
behind Corner IV. Such signals could be seen early 
in the morning and late in the afternoon for a distance 
of from 6 to 10 km. 

The tape measurements proved much more satisfac- 
tory than the stadia readings. Sometimes two stadia 
measurements gave such differences that a third measure- 
ment had to be made. The accuracy of the stadia meas- 
urements depended largely on the time of day at which 
they were made. Early in the morning a reading could 
be accurately made at 200 m., but later in the day good re- 
sults could not be obtained for distances greater than 130 
m. About the best average result obtained with stadia 
was an accuracy of 1 in 1000, while tape measurements 
averaged about 1 in 3000. 






















































Sun observations were taken from all the permanent 
monument stations, taking back- and foresights to the 
monuments on either side, thus the line between the three 
monuments was constantly checked as to its straightness. 
At the same time all signals at intermediate instrument 
positions were controlled and any deviation from a 
straight line was immediately discovered. Besides sun 
observations occasional observations on Polaris at or near 





Fic. 3. Monument with Line SignaL EREcTED, 
Corner IV, Nortu LINE 


clongation were taken; in case the observation was not 
taken at elongation the star ? Cassiopeia was also ob- 
served and the azimuth computed by the method given in 
Hosmer’s “Azimuth.” Sun observations, however, have 
the great-advantage that they may be taken along the line 
as the work progresses, while star observations always 
involve many inconveniences. 

To fulfill the condition of the government instructions, 
the positions of those corners of the neighboring lands 
which came nearest the west line were computed. The 
codrdinates of four of these corners were then computed 
in regard to the nearest line monuments of our survey 
as zero points. The codrdinates were then measured on 
the ground and a search made for the corners. All four 
of these corners were found although there were consid- 
erable discrepancies between the calculated distances and 
the measured ones, in some instances being as much as 
30 m. These corners were marked with cast-iron monu- 
ments as shown in Fig. 4. Some of these monuments, 
however, were not found set in their intended positions. 

SovtnHeast Linr—The southeast boundary of the 
tract follows the rim of the mesa and is consequently a 
broken line. Similar methods of surveying were em- 
ploved as on the west line. The angles, as a rule, were 
read to even degrees. Before establishing the permannt 
monuments, the angles were checked bv repetition, one 
set with telescope direct and the other with telescope in- 
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verted. Before definitely establishing the southeast 
ner III calculations of the area were made from | 
data on the north, west and southeast lines with a 
sumed southeast corner. 

THe East Line—Only two permanent monun 
were established on the east line, at +3239.2 m. 
+-7764.1 m. distant from Corner III. The last 
on the line +8544.4 m. was marked with a high 
This line was measured partly by tape and partly 
stadia. Sun observations were taken as before to | 
the true meridian. 

The survey of this line was abandoned at +8544. 
the line beyond was crossed by immense sand dunes ; 
the land would have been worthless to the promot: 

I proposed to extend the west line farther to the west ‘o 
meet the corners of the adjoining land and extend 
farther south so as to narrow the tract and exclude +! 
sand dunes and still have the necessary acreage, but t!)\s 
could not be done without the approval of the goveri- 
ment. I was preparing to continue the east line throug) 
the sand dunes when I received orders from the promot- 
ers to abandon this work and return to the north line 
and set the northeast corner by calculation. 

This was contrary to the instructions from the govy- 
ernment for it would be impossible for me to show 
the error of closure. Nevertheless, I was compelled to 
comply and return across the desert to Monument 20)! 
of the international boundary. 

Tue North Line—A part of the north line had been 
measured by me while camping near Monument 204. The 
distances between the monuments on the international! 
boundary I was compelled to get by scaling a government 





Fig. 4. Cast-Iron Monument Corner oF ADJACENT 
SuRVEY, NEAR West LINE 


map. The north line was measured throughout with a 
steel tape. The procedure was as follows: 

From a point about 1 km. from Monument 204 on the 
line between Monuments 204 and 203, a right-angle off- 
set of 1000 m. was made and a signal posted. This line 
was prolonged until a point nearly opposite Monument 
203 was reached, when sights were taken to the center 
of the monument and the angle between the line pro- 
longed and the monument measured (Fig. 7). The re- 
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moiting distance to the point opposite the monument 


we. caleulated by the relation: z = 1000 cos (180 

7). Our line monument M,,, was thus provisionally 
est lished. Then the distance on the ground to Monu- 
mit 2038 was measured and the mean of two 1000-m. 


m-surements adopted for the final location of our line 
monument M ,o,. The line stakes in the rear were then 
oftvet to the true line in proportion to their distances 

m My - This, of course, did not affect appreciably 
the measured distances along the north line. Monuments 
M soa» M soz Mo. were thus established. My meas- 
ured distance along the north line from points opposite 
international boundary Monuments 204 to 200 was 


Toward Corner I 
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were calculated, based on the previously made measure- 
ments. The sides of the tract were computed, allowing 
for the convergence of the meridian, and Corner IV set 
so as to include an area of 118,580.7156 ha., which was 
inside the toleration. 


CHARACTER OF THE SurvVEYED Tract 


The character of the mesa of the Sonora desert changes 
much the farther south one goes. Near the boundary 
line the land is practically level for a width of about 14 
km., then sand dunes begin to appear. The land bought 
under this survey it was intended to irrigate by pumping 
water from the Colorado River. The elevation of the 





Fic. 5. Sourneast Line, Lookine TowarD CoRNER 
Ll or West LINE 


Fic. 6. Monument on East Line, Looxine Norta, 


Sanp DuNgEs in DIsTANCE 





Fie. 8. Views oF THE WesTERN Rim of THE MESA AND THE SALT BEACH EXTENDING TO THE 
GULF OF CALIFORNIA 
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Fic. 7%. SHowrnc Meruop or Setting MONUMENTS ON 
Nortu LINE 


20011.1 m. compared with 20002.4, the astronomical 
distance afterward obtained from the report of the 
Boundary Commission. 

To establish the northeast corner of the land by cal- 
culation as directed, the convergence of the meridians 
through Corners I and IIT had to be established. For this 
purpose the latitude and longitudes of Corners I and III 


land near international boundary Monument 204 is 131 
ft. above sea level, and about 90 ft. above the Colorado 
River. Near Corner IV the elevation is about 197 ft. 
above sea level and 156 ft. above the Colorado River. 
The mesa falls off steadily to the south and west and 
near Corner II the rim of the mesa is formed by many 
sand dunes. The land itself slopes greatly toward the 
salt marshes of the “Playa Salada,” as shown in Fig. 8. 
The “Playa Salada” or Salt Beach forms along its 
borders with the mesa extensive swamps, some of which 
were originally included in the land grant. During gold 
fever days in California, Puerta Isabel, to the southwest 
of this tract, was a busy little harbor and had direct 
steamer connections with Yuma, Ariz., but today there is 
no port and no indications of past activity save a few old 
hulks of vessels half buried in the ground. The Playa 
Salada is practically level and its elevation above sea 
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level and the water of the Colorado River is only a few 
feet. The presence of driftwood near the foot of the 
bluffs on the rim of the mesa led me to believe all this 
area was submerged at certain stages of the tide, and 
that the sea was gradually receding. 

Corner III wag located near a dry caiion, Fig. 9, and 
in this part of the desert we found many petrified trunks 
of trees, some 6 to 8 in. in diameter, which indicated 
that the land had not always been barren. Beyond the 
last monument set on our east line, the line was crossed 
by immense chains of sand dunes separated by strips of 


the receding waters. The mesa formed at one time 
coastal plains along the Gulf. 

In our survey on the mesa we often met with that 
culiar phenonenon known in almost all deserts w 
the name of mirage. It was observed especially we! 
the early hours of the morning. Just before sunrise 
distant mountains of Arizona often assumed queer sha 
One could see castles with high towers, sometimes w) 
cities of them. Soon after sunrise the castles and t 
ers began to shrink and flatten out and the mountains 
sumed their normal shapes. On a few mornings a part 





Fic. 9. Dry CANYON NEAR Corner III 





Fie. 19. Sann Dune Section or THE SOUTHEAST 


plain (Fig: 9). To the south and east the land as far 
as could be seen was covered with nothing but these huge 
sand dunes. To the north the chains of sand dunes grew 
smaller and smaller, forming the transition to the plains. 

These great sand dunes have smooth surfaces and in 
the distance show smooth curved lines (Fig. 10). The 
sand is in constant motion. One’s footprints are quickly 
lost. The bright sunlight on the white sand is dazzling, 
and this, coupled with the wonderful forms the heaps of 
sand assume, makes one dizzy to look around. This whole 
region in former times was undoubtedly covered by the 
waters of the Gulf of Mexico, and the different chains 
of sand dunes probably mark the successive coast lines of 


Fie. 11. Corner IIT Looxina Nortu 


ularly beautiful mirage was seen in the direction of 
Lower California, which had the appearance of a lovely 
river, bordered with tall trees, and even the reflection of 
the trees in the water was easily distinguished. Sunrise 
and sunset in the desert are indescribably beautiful and 
one never tires of the changing colors of the mountains 
and of the sky. 

The soil of the mesa is nearly uniform and consists 
partly of what is known as Yuma sand and of Fresno 
gravelly sand. The subsoil of the mesa, as evidenced in 
the dry cafion near Corner IV and on the higher bluffs 
along the southeast line, is of the same sandy nature to 
a great depth. 


CLIMATE, VEGETATION AND ANIMAL Lire . 


The time of year for the survey could not have been 
better chosen. During the month of December and the 
first part of January the temperature fell as low as 17° 
F. on several nights. It was an exceptionally cold win- 
ter for the Yuma desert, which has the reputation of be- 
ing the hottest place in the United States. It is always 
warmer on the mesa than in the Colorado River Valley. 
The nights, however, were indeed so cold that I had to 
send for a camp stove to keep warm enough to do my 
office work. The days were, with very few exceptions, 
delightful ; during December we had a few sand storms, 
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w ch for a few hours at a time made work impossible. 
<..cral times it tried hard to rain but without success. 
from the latter part of January on the nights were 
» ch milder and while working and camping along the 





Fig. 12. Camp on Nortu LINE SHOWING GROWTH OF 
GREASEWOOD AND “GERONDILLO” 


salt marshes the mosquitoes were such a pest we had to 
keep smudge fires burning each night. 

On the mesa the only vegetation which is able to gur- 
vive the climatic conditions are greasewood, a plant called 
“gerondillo” and another called “té” (tea) by the Mex- 
icans. Near the international boundary line Monument 
201, a tall grass called “galleta” was found, of which our 
animals were quite fond, and which could possibly be 
made to replace alfalfa as a fodder. It is said to have 
been highly thought of at the old U. S. Cavalry posts 
which formerly existed along the border. I think this 
part of the mesa must have some underground feeders 
from the mysterious “Black Lake” near boundary Monu- 
ment 199. One can easily imagine what could be grown 
on these lands if properly irrigated. This same “galleta” 
grass was found in places along the west and south lines 
(Fig. 3). Rain is almost unknown in this part of the 
Sonora desert. 

The “té” is a leafless brush growing in clusters. It 
was found in spots so barren that even greasewood could 
not grow, and it even tried to establish a foothold upon 
the sand dunes. The Mexicans boil this plant and drink 
the extract, claiming that it purifies the blood. We all 
drank some, but the most I can say for it is that it caused 
no ill effects. 

Parts of the line were covered with heavy growths of 
“mesquite.” The best way to get a line through these 
“mesquite” thickets, upon the advice of my Mexican 
axmen, was to set fire to them the night before. In the 
morning the survey could be continued without difficulty. 

In the same part of the desert was the only species of 
cactus which we found, called “challa.” This cactus is 
quite small, of very grotesque shape, and covered with 
beautiful blossoms and long needle-like spines, which 
caused very painful wounds. Our dog “Shep” suffered 
the worst from these for he jumped right into a cluster 
while chasing a coyote. 

A part of the tract in the vicinity of one of our Jine 
monuments had the aspect of a pasture rather than a 
desert, with several grasses growing about with “mes- 
quite” and “bean trees” thrown in. The fruit of these 
trees is a nourishing food for animals and I noticed that 
it was collected on farms in the Colorado River Valley 
for feeding the stock. Away from the salt marshes on 
the west, however, vegetation soon begins to get scarce. 
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The farther south one goes from the international bound- 
ary, the more rare vegetation becomes. The great salt 
plains along the water front are covered with tall reed 
grass and other plants only along the edges next the 
mesa, and are for the most part devoid of vegetation and 
of a reddish brown color. 

We had no startling adventures with wild beasts and 
with the exception of two giant tarantulas, a very veno- 
mous spider, whose hairy body is a dark green color, re- 
sembling a crab in general appearance, no poisonous in- 
sects or serpents were encountered. Natives fear the bite 
of these tarantulas much more than that of a rattle- 
snake. 
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Coyotes and foxes were quite common and paid fre- 
quent visits to our camp. The coyotes were very cun- 
ning, and after some had succeeded in drawing off our 
two dogs, others would invariably be found investigating 
our commissary department. We also saw small herds 
of wild donkeys, and we captured and subdued a wild 
horse in the course of survey of the southeast line. 

The salt marshes of the Playa Salada are inhabited 
by countless thousands of water fowl. Wild geese were 
sometimes so numerous along the edges of the mesa that 
at a distance they gave the appearance of a great white 
sheet spread out over the land. However, they always 
had outposts stationed, and we found it very difficult 
to get near enough to kill any, which was tantalizing to 
hungry men. 


THE Foop AND WATER-SupPpLY PROBLEM 


All supplies had to come from Yuma, Ariz., and every- 
thing was subject to Mexican custom duties, and so every- 
thing had to be examined and checked at Monument 
204 of the international boundary by the Mexican of- 
ficials. This complicated what would still have been a 
considerable problem, for the most serious difficulty of 
an engineer in this class of work is to keep his party 
supplied with food and water. To keep the men con- 
tented and prevent them from deserting is another and 
somewhat dependent problem. 

The supplies were brought by special teams to supply 
stations established along the west line. Water had to 
be found and brought from considerable distances, some- 
times from the nearest ranch and sometimes from a 
waterhole. Water was easily found by digging two or 
three feet in the valley lands along the Colorado River, 
but in most places the water was brackish and unfit for 
drinking. A spring was found near one of our monu- 
ments. 

The approximate location of all camps was planned 
beforehand. As soon as one camp was established the 
location of the next one was decided upon and all sup- 
plies not required for immediate use were sent ahead. 
About a dozen 50-gal. barrels were distributed along tha 
line ahead at prospective camps and these were kept 
filled with water for the men and stock. In this way 
we were always assured of water at each new camp and 
the animals could be used for moving the equipment. The 
water was brought in twenty 10-gal. barrels by a wagon 
kept continually in service. Meat was had at Colorado 
River ranches during most of the survey. The whole 
party, men and animals, returned in good health to 
Yuma in February. 


Cost Data 


The survey had occupied 65 days, with 57 working 
days. We had surveyed 246.4 km. of line (with double 
measurements) or at the rate of 4.32 km. per working 
day. The cost of the survey was approximately $6000 
(U. S. currency), including everything. The area sur- 
veyed comprised 118,580 ha., so the cost in round figures 
was approximately 5c. per ha. (2.47 acres). The Mex- 
ican Government’s charge for land surveys is 12.5c. per 
hectare. 


CONCLUSIONS 


In surveys of this character it is especially essential 
to have a very careful reconnoissance, the need of which 





Vol. 71, No. 


in this instance was severely felt. The short tim, 
lowed to complete the work made it impossible to arr. 
beforehand many things, which done during the su 
add much to the cost and inconvenience. 

An engineer embarking on the survey of a large : 
in the desert should have two men with him in w 
he can place absolute confidence. The one is the « 
superintendent and the other a surveying assistant, 
is able to carry out part of the technical work while 
chief of party is attending to other duties. 

The writer was fortunate in having a first-class ca) 
superintendent, an American plainsman from Yu: 
Ariz., who had lived a number of years in the Southw 
and in Sonora, who was fully acquainted with eonditic 
in the desert and proved capable at different times . 
solving many arising difficulties. The writer, howev: 
did not have an assistant engineer and this need w. 
often felt. 

® 
Good-Roads Construction in 
the Outlying Parts of 
Chicago 

The outlying districts of the city of Chicago have 
many lines of streets which form continuations of coun- 
try roads, and which are practically unimproved where 
they extend through the more distant and thinly popu- 
lated sections. At certain times of the year some of these 
connecting roads are in such condition that the suburbs 
which they reach are cut off from ordinary vehicle traf- 
fic, to say nothing of the great and increasing automobile 
traffic. 

The traffic with these suburbs has increased to such 
an extent that the demand for good roads leading to the 
paved streets had to be considered by the city authorities. 
and (in relation to the movement for good roads through- 
out the state) a plan was adopted for the improvement 
of connecting links between the city’s paved streets and 
the main country roads extending beyond the city limits. 
This work is under the direction of the Bureau of Streets 
of the city’s Department of Public Works, and for in- 
formation concerning it we are indebted to Walter G. 
Leininger, Superintendent of Streets. 

In view of the mileage and the limitations of expen- 
diture the only paving that could be considered was one 
that would be cheap, could be constructed rapidly, and 
would require no, great amount of preliminary work. 
For some years the Bureau of Streets has carried on ma- 
cadam-road construction, so that it had a suitable organ- 
ization in working order, and this was adapted to the 
new road-improvement work. 

Each gang consists of approximately 18 men, with two 
foremen, and equipped with 15 to 20 teams, a 12-ton 

steam or gasoline roller, a sprinkling cart and a road 
grader. About 14 men are kept on the railway cars, un- 
loading stone into the dump wagons. The others prepare 
the subgrade, spread the stone and do the other work of 
construction. The length of haul from cars to the road 
varies from % to %4 mile. The dump wagons are of 
3-yd. capacity, but as the roads over whicli they travel are 
in many cases in very bad condition it is generally im- 
practicable to carry more than 2 yd. 

Such a gang will construct about 1000 sq.yd. of road 
per day, or the equivalent of 500 ft. of 18-ft. roadway. 
There are three regular gangs operating directly under 
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the | ureau of Streets, and these take care of the larger 
jobs. There are also three smaller gangs under the ward 
supe’ utendent, and these take care of the smaller jobs 
and cpair work. The same organization is employed for 
ma stenance, and as this latter work can be carried on 
onl: in the spring and summer the same gangs form the 


n enance force as well as the construction force. 

ie first part of the construction work consists in pre- 
paring the subgrade, which is mainly soft earth or clay. 
This work is done sometimes by hand, but generally by a 
road grader, which is set to cut to a depth of 4 or 5 in. 
at the edge. All holes and ruts are filled in this way, and 
the subgrade is then well rolled. 

Upon this subgrade is laid a 6-in. bed of large stone, 
averaging 4 to 6 in. in size. After being rolled, this is 
covered with 3 to 4 in. of stone averaging 14%4 to 2 in. 
diameter. This is spread with limestone screenings, and 
then watered and rolled to insure thorough filling of the 
voids. Then the surface is again covered with screenings 
and rolled. Care is taken to roll it while wet, and the 
rolling is continued until the water flushes in front of 
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DouBLE-HANDLED Two-MAan RAKE FOR SPREADING AND 
LEVELING STONE ON Macadam Roap CONSTRUCTION 


the roller. When this occurs, the surface is swept to in- 
sure filling all minor voids and the road is barricaded 
against traffic for four or five days. At the end of that 
time the roller is again used to insure a smooth and firm 
surface. 

The specifications call for dry, clean, hard limestone, 
free from discolorations, clay, dust or foreign substances. 
Quarry strippings are not accepted. The stone is spread 
as far as possible by opening the end of the wagon box 
6 or 7 in., and allowing the stone to flow out as the wagon 
moves along. It is finally spread and leveled by two men 
using the double-handled rake shown in the accompany- 
ing cut. This is more convenient than the use of two 
ordinary rakes crossed or locked so as to work as one 
tool. 

Where the subsoil is bad and cannot be rolled, the bed 
of large stone is laid and covered with the coarse screen- 
ings. This is then rolled and the street is left to settle. 
‘The following year this foundation will be good, and the 
upper course of stone can be laid, rolled and finished as 
described. The finished road has a paved width of 18 ft., 
with a crown of about 6 in. and a thickness of 10 in. at 
the middle and 6 in. at the sides. At unimproved cross 
roads, the edges of the stone paving are protected by 
broken stone aprons 10 to 12 in. wide, about 4 in. thick 
and tapering to the outer edge. 

The line and grade are made to conform to the old 
road, in order to save expense. For good surface drain- 
age, the berm is made level with the road and is given a 
slope of about 1% in. per ft. to the side ditches, which are 
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3 to 4 ft. deep below the crown of the road. 
is sufficient for drainage of the subsoil. 

In 1912, 83,236 sq.yd. of macadam road was built, at 
an average cost of 56c. per yd. At the end of 1912, a 
total of 55 miles had been completed. Although water- 
bound macadam seems to be the only cheap pavement for 
outlying roads, it is not advised for city streets as the 
dust nuisance is a great source of complaint. The only 
cheap repair that can be made is to oil the surface and 
cover it with sand, 14-in. limestone screenings or granite 
chips. Heavy oil is more satisfactory where great care 
is taken to apply it hot and to cover it immediately with 
screenings. The complaint which sometimes follows is 
due to the fact that heavy oil penetrates, slowly and the 
coating on the surface is tracked by pedestrians into 
houses and upon sidewalks. In 1912, 5,311,144 sq.yd. 
of macadam pavement were oiled at a cost of 1.35c. per 
sq.yd. In all, 1,353,753 gal. of oil were used. 

The oil used for macadam roads is required to meet the 
following specifications : 

Specific gravity, 20° to 22° Baumé at 77° F., unless the 
specific viscosity is 1.50 to 1.85 at 212° F. when tested on 
the Eugler viscosimeter. 

Fixed carbon not more than 8%. 

Flash point, not below 275° F. 

Loss at 212° F.; none. 

Mineral matter or ash; none. 

Soluble in cold carbon bisulphide, not less than 99% 

Loss when heated five hours at 325° F. not more than 


5%. Residue must flow at 77° F. and must show no coarse 
crystals. 

Residue from heating oil for five hours at 400° F. must 
flow at 77° F. 

After heating oil at 500° F. to a penetration of 100 at 
77° F. there must be left at least 25% of mz.erial which 
shall have a ductility of more than 10 ¢.m. at 77° F. 


This depth 


Repairs can be made in the following manner: Where 
the road is of fair thickness, it can be scarified and cov- 
ered with additional stone, the construction being the 
same as on new work. The scarifying may be done by a 
device attached to the road roller. Where it is advisable 
to lay 3 in. or more of stone no searifying is found neces- 
sary. Where the pavement is in fair condition except for 
an occasional hole or rut it can be repaired by cutting 
out the hole, placing stone and covering this with asphal- 
tic cement or tar. About 114 gal. per sq.yd. is found to 
be efficient. 

For maintenance (as distinguished from repairs) the 
best method is to place the roads under the patrol system. 
By this system one man has to take care of the mainte- 
nance of roads in a certain district. Care must be exer- 
cised in cutting out holes, for without proper edges the 
repair will not last. Merely filling a rut or hole does 
not insure a permanent repair. 

This patrol system has not yet been put into effect, but 
this will be done very soon. Each man wi!l maintain 
about three miles of road, with supply stations located at 
14-mile intervals. These stations will be equipped with 
necessary boxes for the material. Each patrolman will 
be furnished with a 14-yd. hand cart for the stone, a tam- 
per, broom, shovel, pick, tar bucket, water bucket. and 
wheelbarrow. 

Fatalities in Coal Mines during 1912 numbered 2360 as 
against 2719 for 1911, according to the Bureau of Mines, 
Washington, D. C. The fatality rate was lowered from 3.73 
in 1911, to 3.15 per thousand men employed in 1912. The fa- 
tality rate in a number of foreign countries during a period 
of ten years (1901 to 1910 inclusive) are as follows: Great 
Britain, 1.36; Germany, 2.11; France, 1.69; Belgium, 1.02; 


Japan, 2.92. The rate in the United States during the same 
period was 3.74. 
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Technical Education and Pro- 
fessional Ideals* 


By W. F. M. Gosst 


The American technical school stands today on the thres- 
hold of great achievements. Captains of industry no longer 
look in doubt upon the technical graduate; they give him 
work. Public confidence in the new education has been won 
and its permanent support is assured. 

An attempt to outline the problems of the technical school 
must recognize the fact thai great advances in any art or 
profession await the coming of great men. The modern need 
in the field of engineering is for men who can perform the 
exceptional task; for men who are safe keepers of their 
brothers’ interests; -for men whose qualities of character are 
so sound and strong that they instinctively perceive the way 
of truth and follow it; for men whose activity and under- 
standing detect the defects in established practice and find 
a way to improve that practice; for men who so well under- 
stand the fundamental principles of science as to be able 
to predict the effect of the next step before it has been taken; 
tor men, in fine, who can rank with the world’s great leaders 
in seclence and industry. I conceive it to be the prime pur- 
pose of the technical school to make its contribution toward 
the development of such men. 

It would seem unnecessary to remind an audience of profes- 
sional engineers that the achievements of the technical school 
center in the quality and strength of its instructional staff. 
The present-day need is for increased strength of staff. All 
honor is due to the fine coterie of men who, undertaking 
the work of the technical school a quarter of a century or 
more ago, have adhered to their task in the face of discour- 
agement at great personal sacrifice and with a spirit that 
has been fine and even heroic. But retrospect, however 
satisfactory in itself, will not sclve our future problems. 
Great leaders in the work of the technical school are few, 
and the unfortunate fact is that throughout the years that 
are past, few men have been in training where the service 
now demands many. 

There are many reasons for this. An important one is to 
be found in the limitations which have been put upon the 
salary budget. The man who builds great bridges or who 
directs the activities of a great industry, is none too gifted 
to guide the efforts of ambitious youth, and hold before the 
student large ideals of life. And yet, in the industries a man 
may receive in a month an amount equivalent to the annual 
salary of many college professors. 

It is clear to all who know the field that while the school 
must suffer some years to come, through its deficiencies in 
the past, a new policy should be entered upon as speedily as 
possible. Few among American technical gchools can today 
offer professorships which in themselves are sufficiently at- 
tractive to justify a young man in securing for himself so 
elaborate a preparation. The remedy cannot ordinarily be 
applied by the college itself; it must come as the result of 
interest shown at the sources of financial supply. In the great 
state universities it must be the result of public appreciation 
of the need; you, I know, will realize that public appreciation, 
though a plant of slow growth, may be cultivated by many 
different agencies. 

Not only is it required in the interest of higher efficiency, 
that the American technical school have an instructional staff 
of the highest possible quality, but it is also required that 
such a staff be not overburdened with routine duties. If the 
engineering graduate sometimes degenerates into an ani- 
mated slide rule, may it not be possible that he has been in- 
stinctively led to such a career through ill-conceived tread- 
mill processes in the classroom? If so, the remedy is to be 
found in reforming the work of the classroom, and one sure 
road to such a reform is that which opens the way whereby 
men of large caliber may have time in which to impress them- 
selves upon their students. 

The technical school is greatly in need of simple living 
and high thinking. The simple living is easily attained 
unto, but high thinking, in its essence, involves a certain 
element of leisure, or perhaps freedom in the choice of one’s 
occupation, which, after all, is but another term for leisure, 
and no atmosphere surcharged with high thinking can prevail 
on a campus where every individual student and professor is 
perpetually keyéd up to concert pitch in an endeavor to ac- 
complish an assigned task. 

It is altogether possible that in our present-day routine 





*Condensed from the Presidential address before the Amer- 
ican Society of Mechanical Engineers. 

#Dean of the Engineering Schools of the University of 
Tilinois; Chief Engineer Chicago Railway Terminal Commis- 
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too much time is given to things which are simple. \; 
that is now studied may perhaps be read. The habit of st 

ing intensely a few books to the entire exclusion of 

great mass of historical and biographical engineering 1it 

ture affords the student but little opportunity of acqui 

a habit of rapid and intelligent reading, which in itself j- 
accomplishment worth striving for. The practice of the « 
laboratory, the drawing-room, the surveying field and 

study of descriptive texts, rightly interpreted, are import 
adjuncts in the training of the engineer, but the time 

ceased to be when such activities constitute the chief ch 
acteristics of the technical school. The years in college m 
be spent in acquiring an understanding of principles 

in the development of those aspects of theory which 

difficult to acquire after one’s college days are over. 

The technical school cannot content itself with routi 
service. It must enshroud its classroom and its laborato: 
with an atmosphere of scientific achievement; its profess: 
should be leaders not only as classroom instructors, but 
nation-wide leaders, even world-wide leaders, in the compl: 
and highly diversified fields of the science which they repr 
sent. 

A laboratory which has been evolved through the activ- 
ities and desires of a master is not only priceless for th. 
school that possesses it, but necessary as a source of info: 
mation of the highest value, to the field of practice which 
it is designed to serve. The chief engineer of a great rali- 
way system, in writing of the work of a certain college labora- 
tory, has recently certified, in terms which are clear and em- 
phatic, to the value of principles affecting the design of 
certain structures which had been developed by the laboratory 
and extensively used by the corporation which he served 
Assuming that the country has need of research laboratorics 
for purposes quite apart from the work of instruction, it can, 
I think, be shown that the technical school constitutes the 
most promising agency in our national economy upon which 
to place the responsibilities incident to their creation and 
maintenance. 

Educational institutions of high standing are sending out 
each year into the engineering pursuits of our country more 
than 2500 graduates, nearly 1000 of whom enter the field 
of mechanical engineering. The technical school is, in fact, 
recruiting and otherwise stimulating the engineering work 
of the country, 

The work of the school tends to emphasize the dignity of 
the calling. Professionalism as distinguished from the art of 
practice of engineering is after all a question of quality. 
Professionalism is breadth! In our ambition to have a large 
part in the world’s affairs we somestimes forget the funda- 
mental source of power. We sometimes think too much of 
honors and too little of service; we desire the position before 
we are qualified to discharge the responsibilities it imposes. 
Our strivings must be for fitness. Progress in advancing the 
ideals of our profession will depend upon the character of 
the service rendered by the members of the profession. If 
every practitioner in the field of mechanical engineering 
possessed character and ability responding to our highest 
ideals, no one would question the right of mechanical engi- 
neers to regard themselves members of a profession. 

A second service, which the technical school is rendering 
the profession of engineering is that of contributing to the 
sum of its scientific data. Engineering as a science has made 
progress by leaps and bounds; rule of the thumb has given 
way to the rule of the mathematician and investigator. But 
notwithstanding all that has been accomplished in this direc- 
tion, there are as yet but few departments in the field of 
mechanical engineering in which the basis of design is actu- 
ally perfected. 

We, as engineers, need to train ourselves to a condition 
of mind which will make studious processes less difficult 
than at present. Along this line of endeavor the researches 
of the technical school will aid the profession by establishing 
new standards of proficiency, and by making new contribu- 
tions to the existing fabric of facts. 

Whatever may be the nature of the contribution of the 
technical school to the ideals of the profession, the extent 
of the contribution is a function of the quality of the school. 
Better instruction in the school must supply better recruits 
for the profession, greater activities in scientific researches 
on the part of the school must operate to increase the facility 
with which the problems of the engineer are solved, and 
influences in the school which tend to extend the student’s 
horizon and broaden his sympathies, will in due time make 
their impress upon the professional life outside of the school. 
That is, efficiency in technical education is a factor in the 
development of professional ideals, and hence a matter of 
prime importance to this society, as well as to all other 
erganizations of engineers. 
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Ar Earth Slideat Bellevue, Penn. 
and Suggestions for Arresting 
Its Further Progress 


By R. P. Forsspere* 


The slide described herein is located in the residence 
section of Bellévue, Allegheny Co., Penn., and has caused 
great inconvenience and expense to the residents in the 
affected district as well as concern to the municipal! au- 
thorities. The writer was called in to report upon the 
conditions and to recommend methods for arresting the 
further progress of the slide. The accompanying descrip- 
tion is based upon the report which he presented to the 
municipal authorities. . 


SLIDE CONDITIONS 


The area or zone embraced by the slide is indicated 
on the map (Fig. 1) and the conditions existing within 
this zone are as follows: 

The vitrified brick paving in the west side of the drive- 
way of Rodgers Ave. for a length of 200 ft., is bulged 
or raised to a height of 18 in. above the general eleva- 
tion of the street, rendering this portion of the drive- 
way wholly unfit for vehicle traffic. 

The cement or granolithic slabs composing the west 
sidewalk, have been raised from their foundation and in 
some cases moved over the driveway curb. 

The retaining walls at the foot of the terraces have 
been overturned and thrown on the sidewalk. The front 
steps leading to the residences on this side of the street 
have been moved out of line and toward Rodgers Ave. 
(see view in Fig. 3). Many of these buildings have been 
moved out of plumb and their foundations seriously dam- 
aged; in one case the house, on Lot 352, has been ren- 
dered wholly unfit for occupancy. The surface of the 
ground extending from the foot of the slope in the rear 
yards of these residences, to the top of the slope just 
back of the residences on Summit Ave., is unbroken and 
there is no evidence of any unusual disturbance. The 
ditch in the alley between Rodgers Ave. and Summit 
Ave. is in rather bad condition for properly taking care 
of the surface water that drains into it from the side hill. 
and in its present state is rather a menace than a safe- 
guard. At or about the top of the slope there is a break 
in the surface varying in width from 1 to 6 ft., and ex- 
tending throughout the length of the zone. This break 
has been filled in from time to time only to appear again 
after the spring rains. Rodgers Ave. was graded or 
opened in 1895, and indications of this slide first ap- 
peared in 1908. No movement is evident in the east curb 
of Rodgers Ave. or the residences on the east side of the 
street. 

The above stated facts represent a rather serious state 
of affairs for the property owners within the limits of 
this zone. Serious, not only in the damage that has 
been wrought, the general extent of which is apparent 
to even a casual observer, but also in the fact that the 
residents on the east side of Rodgers Ave., the east side 
of Summit Ave., and both sides of Dakota Ave. (the next 
street below Rodgers Ave.), have no assurance that their 
property, lying within the length of this zone, may not 
at some future time be similarly affected. The writer 
does not believe that the buildings on the east side of 





*Assistant Enginer, Pittsburgn & Lake Erie R.R. Co 
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Summit Ave. will be affected by this slide for many years 
to come, even though no artificial means be taken to ar- 
rest its further progress, for from observation it appears 
that they are founded on a good shale rock, from which 
the slide has broken, but it is a moral certainty that under 
the present condition of affairs the break in the surface 
of the ground just in the rear of these buildings will 
continue to appear from time to time, rendering that por- 
tion of the property wholly unfit for use and a constant 
menace to the safety of children playing in that vicinity. 

The slopes of Summit Ave. indicate that hard shale 
rock was encountered in its grading, which fact suggests 
that blasting was probably employed. If so, it is possible 
that the resultant shock from such blasting might have 
been a contributing factor to this trouble, but it is clearly 
manifest, as will be shown later on, that it was not the 
cause, and therefore no further attention will be given 
to it. 


INVESTIGATION OF GEOLOGICAL CONDITIONS 


After having made a thorough examination of the 
exterior conditions it was determined to sink shafts or 
test holes to determine the character of the material. Two 
of these test holes were sunk at the locations indicated 
on the map (Fig. 1) and the depth and character of the 
material encountered is indicated on the cross section 
(Fig. 2). The result of these tests was a distinct disap- 
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Fro. 1. Map or Porrrton or BELLEVUE, PENN., 
SHOWING LOCATION OF SLIDE 


pointment to the writer, as he had been led to believe 
from conversations held with some of the residents of 
this vicinity that hard rock would be found at a depth 
of 10 or 12 ft. below the ground surface. With this in- 
formation as a basis, sketches of a method had been pre- 
pared that probably would have satisfactorily taken care 
of this trouble at a reasonable expenditure, but the re- 
sult of the findings in the test holes completely over- 
turned these plans. 

Test hole No. 1 was excavated to a depth of 7 ft. 
below the elevation of the sidewalk. At an elevation of 
5 ft. below the sidewalk a vein of fire clay about 6 in. 
in thickness and about the consistency of putty was 
found. A rod sent down several feet below the bottom 
of the excavated hole showed hard shale rock to the depth 
that it was driven. The material above the vein of clay, 
chiefly loose shale rock, was fairly dry, but at the eleva- 
tion of the fire clay, water was dripping freely into the 
test hole. 

Test hole No. 2 was started 4 ft. wide and 10 ft. long, 
at a depth of 9 ft. we reduced this to 4x6 ft. and finished 
at the bottom with a section 4x4 ft. From almost the 
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beginning it was in good shale rock of uniform charac- 
ter, only two small and unimportant seams of clay ap- 
pearing. The hole was only down 10 or 12 ft. when 
water first made its appearance and from that time until 
the test was completed this had to be contended with in 
large quantities, it being necessary to keep a pump going 
almost constantly while the excavation was in progress. 
At a depth of 21 ft. from the surface of the ground a 
vein of fire clay of the same character as that found 
in No. 1 test hole was encountered but this vein was 
21 in. in thickness. Below this vein for a depth of sev- 
eral feet, as far as a rod could be driven, it appeared to 
be shale rock of the same general character as that which 
had been passed. Around the top of the fire clay, water 
was freely flowing in. Several small veins were discharg- 
ing from the Rodgers Ave. side of the hole and one 
large one, about twice the size of a lead pencil, was dis- 
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charging from the northwest corner. The south side of 
the hole was practically dry. A test showed that the 
water was flowing in at a rate of about 6 gal. per min. 
The water was clear and cold. 

To recapitulate—The test hole was driven through 21 
ft. of good shale rock in which there -was absolutely no 
trace of a break, the sides of the hole were practically 
dry for this distance. At 21 ft. from the surface the 
vein of fire clay was encountered with water freely flow- 
ing in on top of it. 


CONCLUSIONS AS TO CAUSE OF SLIDE 


From these facts the writer arrives at the following 
conclusions : 

(1) That underlying the slide zone, heretofore de- 
scribed, is a vein of fire clay varying in thickness from 
6 to 21 in., which vein is thoroughly saturated with 
water. 

(2) That the water comes either from natural veins 
or from a leaking water main in Summit Ave. Unques- 
tionably some surface water enters the clay, and this 
should be remedied by an approved system of surface 
drainage being installed, but the slide would not be ar- 
rested by this, as without question the water that is 
doing the damage is supplied from either one of the two 
sources heretofore stated, with the probabilities in favor 
of the former.* 

(3) That in connection with the natural conditions 
existing in this zone the slide, in the last analysis, was 





*The writer does not believe that the water comes from a 
leaking main, but would suggest that this question be defin- 
itely determined by conducting the following simple and in- 
expensive test. The gate valves of the water main on the 
outer edges of the slide zone should be closed, as well as all 
service valves between. A boiler pressure pump, with prés- 
sure gage, should then be cennanter with a fire hydrant in this 
section and an attempt made to pump up a pressure of 50 
or 60 Ib. The gage would clearly indicate the presence of 
any serious leak 
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precipitated by the excavation of Rodgers Ave. a), 
plateau above, upon which the residences are built. 
excavation of Rodgers Ave. alone would never 
started this unfortunate condition of affairs. This 
ment is made guardedly and only after access wa. 
through the courtesy of Edeburn, Cooper & Co., 
were the Borough Engineers at the time that Ro. 
Ave. was graded, to the original records, from \ 
were secured data to plot on the cross-section the ori: 
ground line. ABCDA on the cross-section (Fig. 2 
resents the area removed by the grading of Rodgers A 
ABEFA, the area removed in preparing grounds ar 
the residences. The great difference in the area 
clearly manifest and after noting this it -is logics 
conclude that if it required 13 years for the slide to 
in motion after this large amount of material was e: 
vated, the removal of the area due to the gra 
of Rodgers Ave. alone was not the cai: 
of it, as some residents have contend: 

Someone may advance the argumeiit 
that because this material stood for |: 
years after its toe was removed that tlic 
removal of the toe was not the cause o! 
its movement. This, however, does ot 
logically follow. The forces resisting 
this movement may have been strainc« 
for these years almost to the breaking 
point, and the mass finally set in mo- 
tion from some other source. For ex- 
ample, surface water may have found 
its way to this clay in increasing volume from year to 
year, and added to its already lubricated state, reducing 
its coefficient of friction and thereby setting the mass 
in motion. The entering of the surface water would not 
then be the fundamental cause, but rather a contributing 
factor. 


RECOMMENDATIONS FoR REMEDIAL Work 


From the foregoing conclusions in regard to the cause 
of the slide, the following recommendations are made in 
regard to arresting its further progress. In the opinion 
of the writer it is not within the scope of the engineering 
intelligence, with the comparatively meager amount of 
information now before us, to state unqualifiedly that any 
one or a combination of the methods suggested will alto- 
gether stop this trouble. It would be necessary before 
arriving at such a conclusion, to sink test holes over the 
entire area of the slide and drive them to a far greater 
depth than the two already excavated, but this could 
be done only at a large expense and it would be wiser 
economy to apply the expenditure that would be neces- 
sary to make such an elaborate system of borings to car- 
tying out the first scheme outlined below, and which 
should of itself be effective. 

The advantages to be named are that it will positively 
be of some effect in retarding the further movement of 
the mass, and in carrying it out a better opportunity will 
be afforded for observing the size and inclination of this 
vein of fire clay. For it is possible, though not probable, 
that the vein of clay found in the test hole No. 1 is not 
the same as found in No. 2, as has been assumed. This 
is not probable, for if the vein of clay in No. 2 passes 
under Rodgers Ave. at a lower elevation than No. 1, the 
slide would be expected to continue on down the hillside 
to Dakota Ave., instead of terminating on the west side 
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of | dgers Ave. as it does. This vein is thoroughly sat- 
ure 4d with water and in this lubricated state the co- 
ut of friction is very low. It offers, therefore, very 
li resistance to the propelling force which tends to 


n this slide, which propelling force is the mass of 
e: and stone in the hillside above, extending from the 


f. of the slope in the rear of the residences on Rod- 
Ave. to the break in the ground just back of the 
h -es on Summit Ave. This mass acquired its 
yp pelling force, or rather put into action the force 
w ich was stored up in it, when its supporting toe, the 
a;-as indicated on the cross-section, was removed. It is 
carly manifest that if it is possible to get below this 
vein of clay and thoroughly drain it, its state will be 
changed from a lubricant, offering practically no resis- 
tance, to a mass of stiff clay that will offer, in all proba- 
bility, enough resistance to the propelling force above 
to arrest further movement of the slide. 

First Sco—EME—The first suggestion is a scheme for 
draining the vein of clay. The first step would 


—— 





Fie. 3. Looxina Nortu on Ropcers Ave., BELLEVUE, 
PENN., SHOWING STREET, SIDEWALKS AND FRONT 
Yards AFFECTED BY SLIDE 
(Note the retaining walls overturned and slabs of concrete 
sidewalk forced onto street ) 
be to excavate on a line about 15 ft. in the rear 
of the houses on Rodgers Ave. and parallel with 
same, shafts 6x6 ft. spaced 30 ft. from center to 
center throughout the length of the slide, and extend- 
ing about 2 ft. below the bed of fire clay, which from 
present information would make the shafts approximately 
25 ft. deep. Between these shafts and at an elevation of 
the bottom of them a tunnel 3 ft. wide by 4 ft. high 
would be driven. As the tunnel would be driven each way 
from a shaft, the extreme length of the driving would be 
only 12 ft., which is an economical length for this class 
of work. In the bottom of this trench 8-in. terra cotta 
pipe would be laid, with three-quarter open joint; the 
quarter joint on the bed of the pipe should be cemented. 
The terminal of this line on the high end should be ex- 
tended vertically to the ground surface and be properly 
capped, enabling the lines to be flushed if it should ever 
become necessary to do so. The trench or tunnel after 
the pipe has been properly laid and cemented, should be 
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backfilled with gravel to a height of 4 ft. This gravei 
should extend through the shafts at the same height, of 
1 ft.; or, as an alternative, it might be advisable after 
the 6x6-ft. shafts have been excavated and the conditions 
more accurately observed to backfill them, around the 
pipe, with concrete reinforced with vertical steel rods 
to a height of 6 ft., thus affording additional anchorage, 
or resistance to a further movement of the slide. 

The measurements given would vary slightly to meet 
the requirements found after the tunnel was excavated. 
The object would be to have the gravei extend from 2 ft. 
below the bottom of the clay to 1 ft. above, with the 8-in. 
terra cotta pipe at the bottom. 

This pipe should have the proper slope to two or more 
cross drains, which would in turn be connected with 
the 8-in. sanitary sewer in Rodgers Ave., preferably at a 
manhole if the manholes are properly located, as it 
would give an opportunity to observe the flow of water 
from this drainage system, and if necessary test the work- 
ing condition of the drainage line. The cross drains, 
at the option of the contractor, should be laid throughout 
their length in the same manner as indicated for the 
main drainage pipe, or as an open ditch. The use of an 
8-in. terra cotta pipe is advised not because a pipe of 
that capacity will be required to carry the water, but be- 
cause the difference in cost of 4-in. and 8-in. pipe is very 
small in comparison to the magnitude of the work, and 
the larger size for many reasons is preferable. The con- 
stant flow of water from these drains would be so smal! 
that there would be no objection to connecting it with 
the sanitary sewer. In carrying out this work the cross 
drains should be constructed first, and carried from the 
street in to the trunk line; and the trunk line should be 
constructed each way from a cross drain, thereby insur- 
ing drainage during the progress of the work for half 
of each section, which would be quite a saving in pump- 
ing. The cost of such a drainage system based upon the 
assumption that the shafts will be 25 ft. deep through- 
out would be approximately as follows: 


1000 cu.yd. excavation @ $5............ gseewdeeue $5000.00 


340 cu.yd. gravel delivered at site @ $2.25 rere 765.00 
820 lin.ft. 8 in. t.c. pipe delivered at site @ $0.18... 147.60 
$20 lin.ft. 8 in. t.c. pipe laid in place @ $0.19....... 82.00 


$5994.60 


Based on a length of 540 ft. for the trunk-line drain, 
ihe cost per linear foot would be $11.10. The price of 
$5 per cu.yd. for excavation includes the placing of the 
gravel and backfill, and the cost of tearing up the brick 
paving in Rodgers Ave. would be more than offset by the 
excavation for the cross drains not being so deep at that 
point. This scheme, as outlined, would be cheaper than 
an open trench, and unless the trench was excavated and 
backfilled in short sections, there would be grave danger 
of causing a fresh movemert in the whole slide. 

Second ScoeMe—The next scheme, which would be 
supplemental to the one just outlined, would be to cffer 
additional resistance to the slide by carrying the found- 
ations of the dwellings on the west side of Rodgers Ave., 
2 ft. below the vein of clay. This would not be such an 
expensive proposition as it appears at first thought, as 
the foundations of practically all of these houses are so 
badly damaged that they will have to be rebuilt. The 
cost, therefore, of lowering them 10 or 12 ft. to an ele- 
vation below the clay level, would be the cost that should 
be charged against them:as anchors. These walls should 
be built preferably of concrete, with a few steel reinforec- 
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ing rods properly placed in the back wall. A rigid box 
of this size with its bottom extending below the clay into 
the shale rock and the weight of the house on top, would 
offer an enormous resistance to movement. Six or eight 
inches of gravel, forming a French drain, should be 
placed around the outside of these walls to a height of 
4 or 5 ft. from the bottom. In the rear of the houses 
from these French drains, tunnels should be driven, 
which would be only 15 ft. long, to the trunk-line drain, 
placing drain pipe in them laid similar to the trunk line, 
insuring thereby that all water around the foundations 
will be carried off. 

If the progress of the slide is not arrested by the drain- 
age and anchorage system outlined and it is still desired 
to stop it, the next move would have to be on broader and 
more expensive lines. 

Tuimrp Scueme—The next suggestion would be to re- 
move in a measure the intensity of what has heretofore 
been termed the propelling force. To do this it would be 
necessary to start at the break in the ground at the top 
of the hill just back of Summit Ave. and grade off the 
side hill on a slope of 114 horizontal to 1 vertical, extend- 
ing this slope continuously from the break in the ground 
at the top of the hill to the level of the rear yards on 
Rodgers Ave. This would remove a weight of 19,000 
tons, or 14,000 cu.yd., which, estimated at 75c. per cu. 
yd., would cost $10,500, and mean abandoning the alley 
between Summit and Rodgers Ave. 

If the trouble continued after this, a comprehensive 
set of borings should be made over the whole area of this 
zone, in order that the location and direction of the vein 
or veins of water which cause this trouble could be de- 
termined beyond a question of doubt, together with a cor- 
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rect knowledge of the underlying strata. In making 
investigation the writer would suggest, as a matte; 
economy, borings instead of excavating test holes, ‘| 
borings would cost about $1 per linear foot. Having 
information at hand the drainage system heretofore « 
lined could be extended and the water cut off befor 
reaches the vein of fire clay. With the water remo 
and the whole vein of underlying clay in this 7 
changed in character from a lubricant to a material « 
fering resistance to this movement the trouble at | 
place would cease. 

The expense of removing 14,000 cu.yd. of material t: 
gether with the borings and elaborate drainage syste: 
that it might be necessary to construct, would entail a 
expenditure that would in all probability make it pro 
hibitive. It is, therefore, the recommendation of th 
writer that the first scheme outlined, together with t)) 
foundations of the houses being carried down below th) 
vein of clay, be adopted. The cost of this compared wit!) 
the subsequent suggestion would be nominal and in th: 
event of it being necessary to resort to the last name: 
scheme the work already done would not be lost. 

In rebuilding the retaining walls supporting the ter 
races on Rodgers Ave., which walls have been overturned 
by the slide, the foundations should be carried down 5 
or 6 ft. below the sidewalk elevation or just below th: 
fire clay, and they should be built of reinforced concrete. 
properly designed, with the proper proportion of the base 
extending out in front of the wall under the sidewalk. 
Broken stone, gravel or a tile drain should be placed back 
of this wall for its entire length, leading the water col 
lected by same into one of the cross drains of the drainage 
system. 


Silt in the Rio Grande’ 


By W. W. Fo..errt 


SYNOPSIS—This report is a valuable addition to the 
scanty literature on silt in rivers, The abstract printed 
here gives a brief historical outline of silt determination 
experiments which were begun in 1889, and- with some 
interruption have been continued to date. This report 
makes use of data accumulated up to the close of 1912. 
The methods adopted to determine the weight of a cubic 
foot of silt deposited in a reservoir under actual condi- 
tions and the percentage of silt carried in a cubic foot of 
water are based on practical experience and judgment 
rather than on laboratory experiments, as similar deter- 
minations have heretofore been made. The conclusions 
drawn from a careful analysis of the data refer more 
specifically to the silt accumulations which must be pro- 
vided against in the Engle Reservoir of the United States 
Reclamation Service, but the great value of such a col- 
lection and analysis of experimental data will be recog- 
nized by all hydraulic engineers who have to construct 
reservoirs on silt-bearing streams, 
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The Rio Grande is some 1500 miles long, measured along 
its axis and not counting sinuosities in alluvial valleys. 





*Abstract of a special report of the Consulting Engineer 
of the International Boundary Commission and Advisory En- 
gineer of the Commission for the Equitable Distribution of 
the Waters of the Rio Grande to the Secretary of State, pub- 
lished as a State Department Document in 1913. 


+U. S. Consulting Engineer, El Paso, Tex. 


Near its source in Colorado and northern New Mexico, its 
waters are limpid, carrying practically no sediment in sus- 
pension, and are filled with mountain trout. 

The whole Rio Grande may be divided as regards its carry- 
ing of silt in suspension into three divisions. From its source 
to Albuquerque, 300 miles, the water is practically clear 
From there to the mouth of the Conchos, 500 miles, the water 
is muddy and is sometimes saturated with silt; that is, is 
carrying all it possibly can at the rate at which it is moving 
From the Conchos tu the Gulf of Mexico, 700 miles, it is a 
silt-bearing stream, wut the average percentage of silt is 
much less than in the middle section. 


SILT DETERMINATIONS 


HISTORICAL—In 1889 a reservoir was projected in the 
valley of the Rio Grande just above El Paso, Tex., to be 
known as the International Reservoir. It was desirable to 
know how much silt was carried in suspension. Determinations 
were begun June 10, 1889, and were continued until Aug. 31, 
1890. The work was done for the United States Geological 
Survey under the direction of General (then Major) Anson 
Mills. Many samples were taken and carefully studied. 

Beginning in May, 1897, occasional samples were taken at 
El Paso until Jan. 1, 1905. On the latter date, systematic 
observations were begun and were continued at El Paso untill 
May 31, 1910. On May 28, 1905, the taking of samples was 
begun at San Marcial, 165 miles above El Paso, and has been 
systematically continued ever since, an average of ten sam- 
ples being taken each month when the river is flowing. 

The El Paso gaging station was taken over from the 
Geological Survey by the International Boundary Commis- 
sion, of which General Anson Mills is commissioner and the 
writer is consulting engineer, in May, 1897, and the San 
Marcial station was taken over in September, 1900. On Aug. 
1, 1910, both stations, as well as all others maintained by the 
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Commission, were turned over to the International 
mmission,* of which Wilbur Keblinger isa commia- 
d for which the writer acta as consulting engineer, 
the « work being still in hia charge 

r DETERMINATIONS OF 1889-'90—The first samples 
n from the Rio Grande at El Vaso on June 10, 1889 
T! was carrying some 4000 cu.ft. sec, and had been 
out that volume for a month, this being the apring 








A; now water Naturally, the percentage of allt wae 
' ‘requent samples were taken until the river went 
i july 29 It remained dry until Dee, 19, when a flow 
ot 200 cu.ft. see, began and continued, with little varia 
‘ ntil Mar, 13, 1890. Then, after ai few preliminary 
" eame the epring flood of anow wate which reached 
mum of some 7490 cu.ft, asec. on May 31 and then gerad- 
4 eceded to 250 cu.ft. sec July 26 ietween then and 
4 1 there were two small rises which carried some allt 
TA I DISCHARGE AND PER CENT OF SILT IN RIO GRANDE* 
Per cent. of ailt Acre-ft. of wilt 
Discharge, used in teed in used in used in 
y Month acre-ft Isao this paper this paper 1800 
June 16,001 0 47 0.55 SOG 738 
Juls 14,575 0 20 0 40 S7 a“ 
August 0 0 0 0 0 
September 0 0 0 0 0 
October 0 0 0 0 0 
November 0 0 0 0 
December 4,306 Oo. Sl O74 32 ao 
1800 January 12,054 0. 90 O44 41 ta 
February 16,005 O46 oO 3S ol iS 
March 26,076 oO. 61 0 78 203 Pt) 
April . 140,305 0. 5S om S4 7M 
Mas 454,916 0.35 Oo a4 1207 1242 
June 262,038 0. 20 0.22 S76 524 
July 02,521 O14 0 14 74 OS 
August 5,141 171 Oo S81 O68 420 
Totals 1,075,048 isla 1005 


*Made up from several tables in the original ha 


From June 1, 1889, to Aug. 31, 1890, the river carried in 
suspension past El Paso a quantity of allt equal, when dried 
out, to the weight of 4314 acre-ft. of water An experiment 
described later on in this paper shows that 53 Ib. of dry allt 
will, when wet, occupy 1 cu.ft. of space Fifty-three pounds 
je SO% of 62.4 Ib, the weight of 1 cu.ft. of water Hence, 
{314 acre-ft. should be divided by 0.85 to get the apace which 
it will occupy, which is 656075 acre-ft 

This sum 6075 divided by 1,075,048, the total discharge of 
the river in acre-feet, equals 0.47 +; or, the average of the 
silt during the time under consideration was 0.47% About 
90% of the water came in June of'1889 and April, May, June 
and July of 1890, and, with the exception of a sharp rise 
June 25, 1889, the rise and fall were gradual. This, together 
with the season of the year, indicates that the flow was snow 
water, which is always low in silt The river was dry during 
August, September, October and the first half of December, 
1ss9. The first three of these are frequently montha of very 
hich allt percentages. The winter flow was small and ateady 
and, as usual, carried a rather low percentage of silt 

When this record was discussed in the Eleven'th Annual 
Report of the Geological Survey, it was assumed that the 
mean of the determinations made in each month would be the 
average sediment for the month This gives just the same 
weight to a determination, say, of a sample taken Apr. 1, 
1890, when the river was carrying about 450 cu.ft. sec. as to 
one made Apr. 20, when it was carrying about 4100 cu.ft 
sec.,, or nine times as much as on the first The latter de- 
termination should have nine times the weight of the former, 
as it represents nine times as much discharge 

Table I shows the “sediment ratios” deduced in the 
Kleventh Annual Report and those deduced in this paper 
Both are given in per cent. by weight of water 

It is also assumed in the Eleventh Annual Report that 1 
cu.ft. of dry sediment will weigh 100 Ib. This may be true, 
but the vital question is not the weight of a cuble foot of 
laboratory-dried silt, but how many pounds of dry silt will, 
when saturated with water, occupy In the bottom of a canal 
or reservoir 1 cu.ft. of space. This is fully considered later on 

SILT DETERMINATIONS AT EL PASO FROM MAY, 1897 
TO DECEMBER, 1904—In May, 1897, the El Paso gaging sta- 
tion was put in charge of the International Boundary Com- 
mission, The first sample of water was taken May 7 by the 
writer under the direction of General Mills 

A “silt trap” was used, it being the same instrument with 
which the samples had been taken in 1889-'90. It consisted 
of a brass tube about 2 in. in diameter and 6 in. long with a 
hinged door on each end and a socket at the side by which 
it was attached to a long pole. The doors were closed by 
springs and were held open by a trigger to which a wire 
was attached. 

The doors would be set open, the trap lowered to the 





*Commission for the Equitable Distribution of the Waters 
of the Rio Grande. 


desired depth, when the trigger would be sprung by pulling 
the wire and the doors would close Then the trap would be 
Pulled up and ita contents emptied 

It was an awkward thing to use and did not give good 
results, as, when the water was very muddy, some mud would 
always settle before the trap cculd be emptied and, as th 
doors were not tight, water would leak out before it eould 
be emptied, and this was probably partially filtered Shortly 
after beginning its use, the pole waa broken and the trap 
was lost 

Since the loas of the trap, samples have been taken in a 
quart bottle This is weighted and lowered slowly from the 
surface to the bottom of the river, where a alight paume " 
made, when it la drawn lowly to the surface The move 
ment is so timed that the bottle will be filled about the thm: 
it reaches the surface The bottle ia tlaehtly corked and ao 
kept until the determination is made 

\ considerable number of samples, over a hundred, were 


taken during 1897-'98 and ‘99 and were stored in a ahed neat 


the gaging station During the winter of 1899-1900) there 
came some unusually cold weather and all the implesa were 
frozen All but five bottles broke and ao the samples were 
lost During 1900, 1901, 1902, 1903 and 1904, 51 samples wer 
taken 


In June, 1900, the writer arranged with Vrof. J. C. Nag 
of the Texas Agricultural and Mechanteal Collewe, to deter 
mine the percentages of silt of the Rio Grande water even 
samplea taken in 1904 were determined by Arthur W. Houck 
an aAssayer and chemist residing in El Paseo 

Prof. Nagle obtained percentages by volume by putting 
some of the muddy water in a long test tubs ind then 
letting it stand 7 days Hie then measured the depth of the 
clear water and of mud and «#o obtained hi relation The 
percentages thus obtained were from three to four times as 
large am those by weight, dry, and were discarded as having 


no relation to actual conditions tn a reservoir or canal 


DETERMINATION OF THE WEIGHT OF A CUBIC FOOT 
oF SILT 


In 1904 the Reclamation Service began a careful atudy 
of the Rie Grande conditions, preparatory to the development 
of the Rio Grande project BB. M. Hall was the supervising 
engineer in charge, and he discussed with the writer the silt 
problem in all ite phases The question of paramount im 
portance waa the space which the sllt would occupy in the 
proposed reservoir Tt was evident that the per cent. by 
weight, dry, wae too small, as the silt would never be dry in 
the bottom of a reservoir; and it is a well known fact that 
clay or clayey earth will aswell when wet, and that all Rie 
Grande silt contains a large percentage of clay 

This statement is based on the assumption that the specific 
mravity of the dry allt is the same as that of water While, 
at fireat sight this seema itmprobable, it appearing that itn 
weight would be more than that of water, the investigators 
knew that the Rio Grande ailt was extremely light Others 
since 1904 have assumed that a cuble foot dry welghe 8&5 Ib... 
but there is no atatement given of an actual welghing of a 
fixed quantity of dry silt, no more than there wan in 1899, 
when it was assumed to weigh 100 Ib, per cuft 

It was not the apecifie gravity of dry allt which waa 
wented anyway It cut no figure whatever in the problem 
The unit which was desired was the amount of silt which 
would fill a cuble foot of space when fully settled and whey 
compressed by the overlying load of water, and ita relation 
to the per cent. by welght of dry a«ilt to the water which 
carried It 

It was evident that the per cent. by bulk, obtained from 
teat tubes, would be too large for the desired unit because 
there was no welght on the silt In the tube to compact It, aa 
there would be In a reservoir, and because the mud would 
stick to the glass and #0 not settle 

Something more than guesse work was wanted it did 
not seem proper to ue to found all our allt caleulations on 
an avssumed bulk for the silt which was, asa it were simmply 
pulled out of the air The desire was to approximate as 
closely as possible to the conditions which would be found in 
the bottom of a reservoir 

After considering various schemes, to all of which there 
seemed to be valid objections, it waa finally decided to seek 
a mud bar In the river where the water had been compara 
tively still and which had shrunk enough to show material 
cracks, and to cut from this bar a 3-in. cube, have it dried 
out and weighed and to abide by the result, whatever it 
might be 

The idea was that a bar should he chosen which had 
shrunken enough to make up for the compression which the 
silt in the bottom of a reservoir would undergo from the 
weight of the water over it Of course, the necessary 
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amount of shrinkage could not be told exactly, but it was 
thought that a fairly good guess could be made. 

On June 29, 1904, Mr. Hall and the writer carefully cut a 
8-in. cube of silt free from gravel out of a sediment bar 
just above the Mexican dam at El Paso. The bar showed 
signs of material shrinkage since the water had receded, 
there being large cracks in it, so that it was decided that 
the plece cut out, having already shrunken considerably from 
exposure to the air, would fairly meet the prescribed re- 
quirements 

This sample was taken to Arthur W. Houck, who had had 
some 15 years’ experience in analytical chemical work. He 
dried it out at a temperature high enough to evaporate the 
water, but not so high as to volatilize any of its substance, 
and then weighed the residual. He found its dry weight to 
be 5789 gr. or 0.827 ib. (7000 gr. to the pound). There would 
be 64 of these cubes in a cubic foot, or a cubic foot of wet 
silt in the bar from which this was taken, when dried out, 
would weigh 53 Ib. or 85% as much as a cubic foot of water 
(the latter weighing 62.4 Ib.). 

It has been assumed that the above experiment fairly de- 
termined the wetght of reservoir silt and that all silt deter- 
minations made in 1889-’90 should be divided by 0.85 in order 
to obtain the actual final volume of the silt. 

It may be objected that the results involved are too im- 
portant to make them depend upon one single observation, 
as was done in this case. However, the conditions under 
which the silt will settle in a reservoir are not well known, 
and there are enough other indeterminate factors in the 
problem to render it probable that this one sample, deliber- 
ately and intelligently chosen by two trained men who were 
fully conversant with all the conditions confronting them 
and who were careful in their selection of the sample, would 
give a result fully as good as might come from the mean 
of many samples taken with less care. Moreover, the result 
appeared to be reasonable. 

The Rio Grande silt contains no sand coarse enough to be 
perceptible. It is composed of finely dessicated and almost 
impalpable clay and alluvium and it settles slowly. There- 
fore, it is not proper to compare its density when settled with 
that of silt which has much sand in it. Of course, the sus- 
pended silt, when settling in the river, frequently, becomes 
mixed with the sand which is moving on the bottom of the 
river, and hence mud bars frequently show some sand. This 
sand was not carried in suspension, however. 


SILT DETERMINATIONS AT EL PASO FROM JAN. 1, 1905, 
TO MAY 31, 1910 


Beginning Jan. 1, 1905, samples were taken more fre- 
quently at El Paso. For the first few months, four or five 
were taken each month; then one was taken every time a 
meter measurement of the river was made. This was con- 
tinued until May 31, 1910; 608 samples in all were taken. 

Samples Nos, 1 to 5 inclusive, were, as previously stated, 
determined by volume only by Prof. J. C. Nagle. Nos. 6 to 
49 inclusive, were determined for both weight and volume 
by Prof. Nagle. From these last, the proper weight deter- 
minations for the first five were computed. Samples Nos. 50 
to 56 inclusive were determined by Arthur W. Houck. Sam- 
ples Nos. 57 to 304 inclusive, being those taken between Jan. 
1, 1905, and’ April 30, 1907, were determined at the Berkeley, 
Calif., laboratory of the Reclamation Service. Samples 305 
to 608 were determined by Mr. Houck in his laboratory at 
El Paso. 


SILT CARRIED IN SUSPENSION PAST SAN MARCIAL 
FROM 1897 to 1912 

San Marcial is some 40 miles above the Engle Reservoir 
of the Rio Grande project of the Reclamation Service. The 
greater part, if not all, of the silt passing San Marcial in 
suspension will ultimately find lodgment in the reservoir. 

After the study of the El Paso reservoir was completed, 
a similar examination was made of the Engle reservoir. In 
making this, percentages for San Marcial discharge were 
needed. The El Paso table of monthly percentages was used, 
with some modifications which were mace necessary by the 
stream’s flow at the two stations Subsequent study indi- 
cates that there were not changes enough made in the El 
Paso table and also that the percentages used therein for 
storm-water months were usually too small, while that for 
usual “winter flow” was too large. 

SILT PERCENTAGES FOR 1905 TO 1912—Samples for San 
Marcial water were not taken prior to June, 1905. For June, 
July and August a guess was made, based on the determina- 
tions of the 27 mixed samples. From September on, the 
monthly means were deduced from the determination for 
each month. 

October, 1911, is typical of months of sudden fluctuations 
in flow and of a large percentage of silt, The sudden in- 
crease in per cent. of silt on Oct. 7 from 4.52% to 14.87% 





was coincident with an increase in discharge from 
11,780 cu.ft. sec. Such sudden increases in flow durj 
summer are usually accompanied by a. jump in the gj 

This record for October is also instructive in othe 
and can be profitably analyzed at some length. It was 
that a large increase of flow on the 6th was accompa: 
a decrease in silt instead of an increase, and that, be: 
the 16th and 19th, the silt dropped tremendously, wh; 
flow decreased only 40%. The explanation of this pr 
is that there were general rains over the whole Rio < 
watershed. ° 

In the latter part of September a small Puerco (a \ 
branch of the Rio Grande) rise brought in some silt, | 
rise on Oct. 6 was from the headwaters. On Oct 
big Puerco and Salado (a branch south of the Puerco) 
bearing flood mixed with the headwaters flow, Betwe: 
16th and 19th, the Puerco flood ran entirely out, while a 
flow continued from above, and the silt dropped accoridi 
The sum of the 13 determinations used during Octobe) 
vided by 13, gives 5.37% as the mean for the month, 
the actual mean is 7.90%. This shows the error which 
arise from mixing samples. 

SUMMARY—tTable II shows the total discharge in 
feet of water, the mean per cent. of silt and the total silt 
suspension for the 16 years at San Marcial. 


TABLE II. TOTAL ACRE-FEET OF SILT WHICH HAS PASSED s 
MARCIAL, N. M., IN SUSPENSION FROM 1897 to 1912, INCLUSI\! 
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Year Acre-ft. of water Per cent. of silt Acre-ft. of silt 
1897 2,215,953 1.72— 38,051 
8 960,981 1.55— 14,858 
9 239,434 2.14+ 
1900 467,703 2.02+ 
1 656,252 2.82 
2 200,729 3.05 
3 1,272,069 0.97— 12,319 
4 709,796 2.37+ 16,838 
5 2,422,008 0.78— 18,875 
6 1,563,737 0.89 + 13,901 
7 2,157,709 1.11— 23,889 
8 774,109 2.00-— 15,469 
9 . 1,279,934 1.51— 19'218 
1910 852,692 0.76 + 5, 
11 1,799,733 4.14+ 74,563 
12 1,499,614 1.47— 22,018 
Totals 19,072,453 315,831 
Per year 1,192,028 1.66— 19,739 


Table II shows an annual percentage varying all the way 
from 0.76 to 4.14%. <A study of the table, omitting 1911, would 
indicate, in a general way, the larger the discharge, th: 
smaller was likely to be the per cent. of silt, so that the 
absolute amount in acre-feet of silt each year did not var: 
as much as did the discharge. But the 1911 record com- 
pletely overthrows this theory and shows that the only way) 
to keep up with the silt is to keep measuring it. 

The silt for 1911 was normal for ten of the twelve months 
But July and October were months of large flow, with sudden 
floods, when the percentage of silt increased enormously 
The two months furnished 40% of the annual discharge an! 
earried 85% of the silt for the year. The 1911 silt was prac- 
tically twice that of the next heaviest year (1897) when over 
400,000 acre-feet more water passed San Marcial than in 
1911. 


COMPARISON OF PERCENTAGES, SAN MARCIAL AND 
EL PASO 


During the four years, 1906 to 1909, silt was determined 
at both El Paso and San Marcial. During those years 5,775,- 
000 acre-ft. of water carried past San Marcial 72,580 acre-ft 
of silt, showing a mean percentage of 1.26, while 4,291,000 
acre-ft. of water carried past El Paso 61,820 acre-ft. of silt. 
showing a mean percentage of 1.44. This shows an excess 
at El Paso of 0.18% of silt over San Marcial. Assuming that 
this difference existed from Jan. 1, 1897, to May 31, 1905, this 
covering the time when the El Paso percentage was used at 
San Marcial, there passed San Marcial during this tim: 
8,285,000 acre-ft. of water, which, multiplied by 0.18 equals 
14,913 acre-ft. This indicates that the silt at San Marcial 
is overestimated for this period 14,900 acre-ft. 

UNUSUAL WINTER FLOW—Subsequent determinations 
show that the percentage adopted in 1905 for the “usual 
winter flow” (1.06%) was too high. The computation made 
at that time used all the winter samples, giving equal weight 
to each of the four groups. An examination of the subse- 
quent determinations of months of similar flow would indi- 
eate that about 0.60 would have been nearer right, making 
this assumption of 1.06 about 9.45 in excess. 

Examination of the first eight years shows that this per- 
centage (1.06) was applied to 759,000 acre-ft. of water, whic! 
passed San Marcial in November, December, January, Febru- 
ary or March. If this percentage were in excess 0.45 then 
the estimate of silt for these months is 3420 acre-ft. too 
large. 
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Ke [Eh MONTHS OF SUDDEN RISES—During the years 
189 1904, inclusive, there were 19 summer and fall months 
“? id from one to three typical summer rises. Only one 
- that for September, 1900, was properly sampled and 
th Paso mean for that month was 5.81%. Two samples 
¥ ken in August, 1904, which averaged 7.40% and one 
W ken in October, 1904, which showed 8.09%. These last 
tw peared so large in 1905 that they were then considered 
al al and were rejected. 
examination of the daily record at San Marcial froin 
18 » 1904 and each month entered therein showed typical 
s summer rises such as usually carry much silt. The 
ti show that the 19 summer and fall months listed had a 
te discharge of 1,492,000 acre-ft. of water and were cred- 
it with 53,550 acre-ft. of silt, or an average of 3.59% In 
0 to see whether this percentage was too large or too 
8! |. the record was similarly examined for the years ]905 
ti 12 and 22 summer and fall months were found which 
h similar sudden rises. 
he totals show that the 22 months listed had a total 
discharge of 1,841,525 acre-ft. of water and carried in sus- 


pension 111,193 acre-ft. of silt, or an average of 6.04%. The 
difference between 6.04 and 3.59 is 2.45. If the average silt 
for the months of sudden summer rises prior to 1905 was the 
same as it was subsequent to that year, then the San Marcial 
silt has been underestimated 2.45% on 1,492,000 acre-ft. of 
water, or 36,550 acre-ft. 

SUMMARY OF COMPARISON—The account then stands 


Acre-ft 
Over-estimate on winter flow. ... oes 3,420 
Over-estimate on percentage. ... ‘ 14,900 


Total over-estimate. ....... 
Under-estimate on summer months 
Net under-estimate.... 


SEDIMENT MOVING ON BOTTOM OF RIVER 


There is also a large amount of sediment which is rolled 
along the bottom. No method has yet been devised of meas- 
uring this moving sediment. That its amount is large is 
shown indirectiy by many phenomena. How large it is the 
writer is unable to say with any degree of confidence. That 
it may amount to 25% of the silt carried in suspension he 
believes possible. 

The amount of bottom sediment will vary greatly with 
different streams, the factors affecting it being the weight 
and fineness of the sediment, the declivity of the stream’s 
bed and the number and abruptness of variations in flow. It 
is unfortunate that it cannot be measured and studied as 
can the silt in suspension. It adds an indeterminate factor 
to the problem which is troublesomely large. 

The only way its amount can ever be arrived at will be 
by the measuring, for a long series of years, of the deposit 
in some existing reservoir, together with the delta at its 
head, while silt determinations are kept up. In this way a 
result may finally be deduced for one stream, but the ques- 
tion of its applicability to other streams will be an open one. 


STREAM FLOW 


From 1897 to 1899, inclusive, the daily discharges are taken 
from the records of the Geological Survey. Twenty-one meter 
measurements were taken in 1897, fairly well distributed, but 
not catching the high point of the May flood. Only two 
measurements were taken in 1898, and eight in 1899. 

As the cross-section is a rapidly changing one, the com- 
puted discharges for 1898 and 1899 may be largely in error, 
and those for 1897 are likely to be considerably so. It is 
possible that this error, for each month, does not exceed 25% 
and the table for each year may not be in error this much. 
During 1900, the station was operated partly by the Geolog- 
ical Survey and partly by the Boundary Commission and the 
record is somewhat better, although it may be 15% in error. 

From 1901 to 1912, systematic meter measurements have 
been kept up. Ten are made each normal month. During 
periods of floods, more are taken, the instructions to the 
observer making him sure to catch all material fluctuations 
in ‘flow. The gage has always been read twice dally. 

While a single measurement may be 6 or 8% in error, the 
errors of one wiil tend to balance those of another, so that 
the mean error of meter measurements is believed to be con- 
siderably less than 5%. This is not a guess, but is based on 
ten years’ study and comparison of thousands of measure- 
ments. The interpolations of discharge for the days when 
no measurement was taken are believed to be not over 5% 
in error. 





SILT SAMPLING AND DETERMINATION 


The samples of water were sometimes taken in the swift- 
est place and sometimes in slower water. The section was 
integrated by the slow lowering and raising of the bottle 
and the sample probably showed the proper percentage for 
the particular place in which it was taken within a small 
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margin of error How near it came to giving the percentage 
for the whole section is problematical Occasionally, a 
sample might be 20% or 25% in error As in the discharge, 
however, an error one day might be partially or wholly 
balanced by an error in the other direction another day It 
is probable that the silt samples average not over 10 in 
error, and possibly that they are not 5% in error 


we 


The writer does not know by what process the determina- 
tions were made by Prof. Nagle or by the Berkeley labora- 
tory, but it is fair to assume that good results were obtained 
Mr. Houck first weighs carefully the whole samplk Then he 
runs it all through filter paper, dries out and weighs the 
residual, and obtains his per cent. from the two weights 
The process is accurate 

WEIGHT OF SILT—The most perplexing question in- 
volved is what space the silt will ultimately occupy in the 
bottom of the reservoir where it is wet the greater part of 
the time: where it will shrink some on exposure to the air, 
but swell again when the water covers it, and where it is 
compressed by the water over it It was on!ty after the most 
careful analysis of all these conditions that Mr. Hall and the 
writer took the samples described in the beginning of this 
article and adopted its dry weight as the weight of the silt 
which would occupy a 3-in. cube in the bottom of a reservoil 
The bar from which this was taken had been exposed to the 
air for several months. The sample was taken June 29, 1904 
and the record shows that the river had been dry since Mar 
1 and had practically been dry since Feb. 7 The bar had 
large cracks in it and it was assumed that the shrinkage 
shown by these cracks would equal the compression in the 
bottom of the reservoir due to the superincumbent load. 

It has always been the writer's custom when approaching 
a problem to study it carefully, weigh it in all its bearings, 
assume the premises which seem most probable and then 
abide by the result, whatever it may be, so long as it is a 
reasonable one. This was done in this case and the result 
of 53 lb. of dry silt to 1 cu.ft. of space filled was adopted. 
This unit is derived from experiment, but so carefully de- 
rived and so probable does it seem that it should stand until 
some actual measurements of sediment in a reservoir dis- } 
prove it. If in error at all, it is on the safe side Each 4 
reader must decide for himself what percentage of error is 4 
involved. ; 

NET RESULTS 

It is believed that the reservoir capacity (315,831 acre-ft.) 
the silt past San Marcial for the whole 16 years, 1897 to 
1912, would occupy is not in error over 15% either way. That 
is to say, that somewhere between 270,000 and 360,000 acre-ft 
of reservoir capacity would have been absorbed. The error 
may not be over 10%, in which case the range would be 8 
between 285,000 and 347,000 acre-ft 

In this connection, it is interesting to note that the Recla- 
mation Service has tentatively adopted for their service table 
of the Engle Reservoir a flat rate of 1.8% of silt. This would 
give, for the 16 years under consideration, 342,000 acre-ft. 
The writer understands that the use of this percentage is 
tentative only and may be changed when further knowledge 
is had of the settlement of silt under water. The fact is here 
noted as confirmatory of the results given in this paper 


EFFECT ON ENGLE RESERVOIR 
This silt, together with that indeterminate amount of 
sediment which moves along the bottom, has passed San 
Marcial during the last 16 years, and it has moved toward 
the Engle Reservoir The study of what effect it will have 
on the reservoir and-.of what should be done to handle it, is 
outside the scope of this paper. Suffice to say that the en- 
gineers of the Reclamation Service are fully cognizant of the 
conditions and are engaged in devising some scheme which 
will most expeditiously and cheaply transport the silt, or a 

large percentage of it, through the reservoir 


o 
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Ollproof Conerete can be obtained by coating the surface 
of the concrete with a mixture of ordinary glue and a 5‘ 
potassium bichromate solution, according to some lim'‘ted ex- 
periments made by J, L. Jeffery, published in “Concrete and 
Construcional Engineering” for December, 1913 Mr. Jeffery 
made a number of experiments with glue, gelatin and other 
chemical coatings, but found that the mixture noted was the 
only one in the lot that he tried which would prevent the oil 
from soaking into and out of the concrete. He says that lack 
of time prevented him from carrying out experiments on the 
same lines with the heavier oils or with crude petroleum. 
The tests were made with kerosene. He thinks, however, 
that no greater difficulties would result from the use of heavy 
oils than from the more volatile kerosene used in the ex- 
periments described 
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The Pittsburgh Sewer Ex- 
plosion 
By N. S. Spracve* anp Cuas. M. Repperrt 


On Nov. 25, 1913, a serious sewer explosion occurred 
in Pittsburgh, which is believed by the authors to be the 
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*Superintendent of Bureau of Construction, 
Public Works, City of Pittsburgh, Penn. 


iDivision Engineer, Bureau of Construction. 


Department of 


Fic. 1. Errects or Expiosion on Sassarras St. (Nov. 
25, 1913) 


(Looking west toward brewery. Ditch afterward settled 
over sewer.) 
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Fic. 3. BLrowovutT NEAR ForFrar St. Bripge; SEWAGE 


FroM Upper Section FLtow1inG into BREAK, 
Noy. 28, 1913 
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most extensive and disastrous on record. Owing 
increasing frequency of sewer explosions in recen! 
in different sections of the country, the subject < 
careful consideration and study in order to determ 
causes, with a view to adopting preventive m« 
The damage wrought by the recent explosion in t! 
and the consequent clogging of an 8-ft. trunk 
serving a population of 50,000, with an ordinary 
weather discharge of 15 million gallons daily, pres 
a serious situation. Protection of property from 
ing, maintenance of traffic in streets and by railroad, 
tinuance of operation of large industrial plants, and - 





Fig. 2. Damace at Botritinc Houser, PirrspurcH 
Brewine Co. (Nov. 26, 1913) 
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Fie. 4. Tue Same Biowovut SrecureD 
BY Street SHEETING (Dec. 6) 
AFTER Cavinag Hap BiocKeD 

SEWER AND UNDERMINED 
CRANE 


Four Views oF THE GREAT SEWER EXPLOSION IN PITTSBURGH 
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eyar ting the public health, demanded prompt and effec- 
ra t10n. 

problem confronting the city immediately after 
thi jlosion was to provide a temporary channel for 
t] wage and the repair of the damaged sewer. An ac- 


of how the emergency was met, together with a de- 
on of the effects of the explosion, is the purpose of 


this article. 
\)ESCRIPTION OF SEWER AND TERRITORY SERVED 


ie sewer in which the explosion occurred is the main 
trunk sewer of a watershed comprising an area of 1700 
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womens Proposed Relief Sewer 
cooveee Relief sewers recently 
completed or in progress 
A...Proposed screening chamber 
and sand catcher 
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Fie. 5. Drainace AREA OF 33D 
1913, affected 
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(The explosion of Nov. 


acres, known as the 33rd St. or Two Mile Run Drainage 
Basin. This watershed is located in the old city between 
the rivers, the outlet of its trunk sewer discharging into 
the Allegheny River about two miles above the “Point.” 
The basin includes portions of several of the older res- 
idential districts of the city (Shadyside, East Liberty, 
Bloomfield and Lawrenceville). Along the line of the 
sewer there are located in the valley a number of indus- 
trial plants, and the vicinity of the outlet is exclusively 
a manufacturing district. 

The sewerage system of the basin is on the combined 
plan. The territory embraced within the watershed is 
practically all improved and sewered, and has a popu- 
lation slightly in excess of 50,000. The trunk sewer fol- 
lows the line of a former water-course located for the 
most part in a valley with rather steep slopes. It extends 
up 33rd St. from the river a short distance above Liberty 
Ave., where, turning sharply to the east, it continues up 
a ravine nearly parallel with the Pittsburgh Junction 
R.R. and the Pennsylvania R.R., the latter being at a 
somewhat higher elevation. The sewer on leaving 33rd 
St. crosses under the right-of-way of the Pittsburgh 
Junction R.R., thence by a straight line across private 
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the lower 5300-ft. length of sewer, from the river to a manhole near Cayuga St.) 
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property of the Pittsburgh Brewing Co. to Sassafras St., 
extending to the vicinity of 39th St. Beyond 39th St., 
the sewer again crosses private property, going under a 
number of buildings and manufacturing plants, and then 
follows the line of Neville St., an unimproved thorough- 
fare bordering the right-of-way of the Pittsburgh Junc- 
tion R.R., and continues on this street up the valley. 
The sewer above Liberty Ave. is hemmed in by buildings 
and railroads on one side and a very steep hillside on 
the other. 

Both sides of 33rd St., from the river to Penn Ave., 
are occupied by the Upper Union Mills of the Carnegie 
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Sr. Trunk Sewer, PirrsspurcH 


Steel Co., while between 33rd and Cayuga Sts., the upper 
limit of the explosion, the sewer passes under buildings 
of the Pittsburgh Brewing Co., the Pittsburgh Rivet Co., 
Pittsburgh Cold Rolled Steel Co., the Petroleum Prod- 
ucts Co., and two frame dwellings on Neville St. The lo- uF 
cation of the sewer in the ravine is remote from built-up i 
sections; steeply inclincd hillsides intervene, and the . 
lateral connections of the sewer extend on sharp grades 
up the hillsides to the streets lying beyond. The Pitts- 
burgh Junction R.R., which parallels the sewer, crosses 
Liberty Ave. at grade and is carried down 33rd St. to- 
ward the river on a viaduct supported by columns at 
the curb line. The lower end of the basin, below Liberty 
Ave., is comparatively level. 
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The section of the sewer affected by the explosion ex- 
tends from the outlet for a distance of approximately 
5300 ft. to a point near the intersection of Neville and 
Cayuga Sts.' From the outlet to Penn. Ave. the sewer 
is 10 ft. in width and 8 ft. in height, of brick and stone 
construction with the exception of a short section of con- 
crete sewer immediately above the outlet, which is an ex- 
tension of the original sewer. Beyond Penn Ave., the 
sewer is circular in section, 8 ft. in diameter, and is con- 
structed of three rings of brick, the invert being lined 
with block stone. The 8-ft. sewer was built in 1891. The 
hydraulic grade of the sewer is about 10 ft. per 1000; the 
capacity is estimated at 800 cu.ft. per sec. 

Possibly 90% of the public garages of the city are lo- 
cated within the watershed. There are also a number of 
miscellaneous storage houses, dry-cleaning establishments: 
and paint-manufacturing shops. The acid waste dis- 
charged into the sewer includes the discharge from pick- 
ling vats of stéel companies. A plant of the Pintsch 
Compressing Co. is also located near the line of the sewer, 
at Cayuga and Neville Sts. 


Tue Errects oF THE EXPLOSION 


The explosion occurred about 2:30 p.m. The im- 


mediate effects indicated an explosion of great violence, 


affecting 5300 lin.ft. of the trunk sewer and extending 
some distance along the lateral connections. Street pave- 
ments were heaved, ruptured and torn asunder; manhole 
lids were blown high in the air; the brick masonry of the 
manholes was shattered and in some cases demolished ; 
window glass was broken for some distance from the line 
of the sewer; sections of the sewer collapsed, stopping 
the flow and causing the street to cave in. Buildings 
and industrial plants over or in close proximity to the 
line of the sewer were partially wrecked or damaged, 
either by the explosion itself or by subsequent settlement. 
The location of the sewer, the depth of cover, and the 
topography of the vicinity fortunately operated to con- 
fine most of the damage to the sewer itself and the over- 
lying roadways, thus reducing the extent of the damage 
to private property and the interference to traffic and 
business. 

At the time of the explosion the outlet of the sewer 
was submerged to within 1% ft. of the top, so that the 
flow was backed up for several hundred feet. The ex- 
plosion expelled the sewage from the outlet with terrific 
force. 

DaMAGE TO SeEwer—At a point 220 ft. above the out- 
let about 20 lin.ft. of the sewer arch immediately col- 
lapsed, an opening about 25 ft. square at the surface of 
the ground resulting; and the arch of about 100 lin.ft. 
of adjoining sewer was ruptured, requiring its removal. 
The break occurred at a point where the sewer formerly 
discharged into the river and where the sewer section 
changed from brick to concrete. The connection between 
the two types of construction was probably a plane of 
weakness. The depth of cover at this break was 14 ft. 

Practically all of the manholes and catchbasins ir the 
district below Liberty Ave. were damaged or destroyed, 
those on the main sewer being the most affected. From 
the break at the river to Mulberry Alley, where the cover 
over the sewer decreases to 4 ft., the sewer Was undam- 
aged except at manholes. The blockstone paving of 
33rd St., from Mulberry Alley to Penn Ave., was heaved 
and ruptured directly over the sewer and the arch of the 
sewer itself was split. 
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Between Penn and Liberty Aves., a distance of » 
where the cover ranges from 3 to 4% ft., the effects 
explosion were more severe. Near the abutment 
viaduct at Liberty Ave., the arch of the sewer w 
molished and the ground caved in immediately aft, 
explosion, the opening being about 48 ft. long. Th. 
of the balance of the sewer between Liberty and 
Aves. was ruptured to such an extent that imm 
uncovering of the sewer was made necessary. A 
several inches in height in the cobblestone paving 
‘ated that the ground over the sewer was raised }) 


and split open directly over the crown, the ridge |)» 
left as the ground settled back into place. The cast-\)\) 
lid of a manhole near the abutment was blown 


through the floor of the viaduct above. 

Beyond the north line of Liberty Ave. to the man): ‘o 
near the Forfar St. bridge, a distance of 480 ft., the se\ or 
is in deep cut, the depth to the crown ranging from 1!) to 
15 ft. There were no surface indications of the sewe,’s 
being damaged between these points, except an extey- 
sive opening at the manhole near the bridge. In the 
vicinity of this manhole for a considerable distance the 
sewer collapsed and the surrounding ground caved in, 
opening up a large hole which gradually extended as 
the settling of the sewer arch continued. A manhole on 
33d St. just above Liberty Ave. was shattered, the brick- 
work (of excellent quality) being cracked and ruptured 
from the top of the sewer to the surface of the street. 
The cast-iron cover of this manhole was found 150 ft. 
away in a horizontal position, embedded an inch in th 
brick sidewalk. Subsequent investigations showed that 
the arch of the sewer was either broken or ruptured along 
the crown from Liberty Ave. to the Forfar St. bridge. 

Surface settlement over the sewer where located on 
private property of the brewery, between 33d and Sassa- 
fras Sts., indicates that the sewer has been more or less 
damaged, this opinion being verified by an examination 
at a shaft near Sassafras St. 

From the point where the sewer enters Sassafras St. to 
the end of the explosion, a distance of 2600 ft., the arch 
of the sewer was blown off, causing the sewer to choke 
and the pavement and street surface to settle. 

Sassafras St. was paved with blockstone on a grave! 
foundation to 38th St. The street is 40 ft. wide and has 
an 8-ft. sidewalk on the southerly side. The sewer is lo 
cated 10 ft. from the south line of the street. The pave- 
ment and curb were blown up and rapidly settled, caus- 
ing a deep depression over the sewer. 

Extertor DamMaGe—The bottling house of the Pitts- 
burgh Brewing Co., a substantial two-story brick build- 
ing, is parallel to and 20 ft. from the center line of the 
sewer. The stone masonry of the foundation of this 
building, which extends several feet above the surface of 
the ground, was badly spalled and the wall was pushed 
out of line toward the sewer several inches at the east- 
ern end. Some idea of the force of the explosion is con- 
veyed when it is stated that this building was apparently 
lifted off its foundation, the location of the sewer being 
20 ft. distant and 12 to 15 ft. below the street level. 

Between 38th and Cayuga Sts. the sewer, as previously 
stated, passes in close proximity to (or under) a num- 
ber of manufacturing plants and frame dwellings. 

The plant of the Pittsburgh Rivet Co., a steel-frame 
mill building with wooden sides, located on Sassafras St., 
standing 10 ft. from the center of the sewer, was dam- 
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the explosion. The side next to the sewer was 


bl from its foundation and a 6000-gal. water tank 
was ) oved laterally about 8 in. 

J beyond the plant of the Pittsburgh Rivet Co. is 
located the steel frame mill building of the Pittsburgh 
Col Rolled Steel Co. One of the furnaces of this plant 
js | cated partly over the sewer. The explosion entirely 
wr xed these furnaces and stack, twisted the corru- 
gyi d-iron sheeting of the building, and damaged the 
roo. Adjoining this plant is the plant of the Petroleum 
Proiucts Co. The sewer passes directly under this prop- 
erty and also under and close to a number of large gas- 
oline-storage tanks. A 12,000-gal. gasoline tank, about 


10 ft. in diameter and weighing between 24 and 25 tons 
at the time of the explosion, was lifted about 31% ft. 
from its foundation; adjacent tanks were also disturbed. 

\ freight car standing on a siding directly over the 
sewer was blown from the track, landing on its wheels at 
a slight skew with the track. 
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tire collapse of a long section made it necessary to clear 
away the obstruction immediately and to devise a plan 
for bypassing the drainage around the collapsed section 
on Sassafras St. in order to prevent flooding and con- 
sequent damage to property. Ordinances were passed by 
Council approximating $50,000 and authorizing the let- 
ting of an emergency contract on a force account basis. 

THe Emercency Conrract—The work included un- 
der this contract consisted principally of uncovering the 
sewer, sheeting and bracing the trench, excavating an 
open channel, cleaning out the invert of the damaged 
sewer and other incidental work. The essential features 
of the contract were as follows: 


1. The contractor is required to furnish an adequate force, 
plant and equipment. 

2. Labor, materials and supplies, dumpage charges, de- 
livery and removal of equipment, ete., are paid for by the city 
at actual cost plus 15% for profit and overhead charges. 
Small tools are furnished without charge 

3 The maximum rates for various classes of work and 
the rental prices for equipment are stipulated 





Fries. % AND 8. Work IN LOWER 


(Fig. 7. Operations at break near river. Opening has been 
excavated, sheeted and braced. Removal of damaged sewer 
and débris in progress, Dee. 5, 1913.) 

Two dilapidated frame dwellings which were unoccu- 
pied were totally wrecked. 

Beyond the Petroleum Products Co. there is no pav- 
ing over the sewer. A ditch quickly formed, due to the 
collapse of the sewer. 

Fortunately, only relatively small gas and water pipes 
were laid parallel to the sewer. These lines were broken. 
Large water mains (42-, 36- and 30-in.) cross over the 
sewer at Smallman St., Penn Ave. and Liberty Ave., 
respectively, and none of these pipes was damaged. 

Invert UNpAMAGED—Inspections made after uncover- 
ing the sewer show that only the arch above the spring- 
ing line has been damaged. The invert apparently has 
not been affected. In most places the sewer is found to 
be split along the crown of the arch, the arch flattened 
and in some places destroyed entirely. 

THE QUESTION oF CausE—The causes of the explosion 
have not yet been determined, and a statement as to cause 
cannot be presented until the facts have been ascertained 
by thorough investigation. 


EMERGENCY OPERATIONS 
The breaks in the sewer at certain places and the en- 


Section oF ExpLopeD Sewer 


(Fig. 8. Sheeted excavation down to sewer, between Penn 
Ave, and Liberty Ave., Dec. 8, 1913.) 


4. Transportation of excavated materials by freight is 
paid for at actual cost. 

5. The city assumes the cost of liability insurance with- 
out additiona) profit, and is responsible for damage or loss 
of equipment with restrictions as to negligence and defects. 

6. Provision is made for furnishing additional labor and 
equipment at prices to be agreed upon in writing. 

7. The books of the contractor are open to audit by the 
city and the contractor is required to furnish full information 
daily as to the cost, etc. 


8. The contract may be terminated by the city on three 
days’ notice. 

This contract was awarded to John F. Casey Co., of 
Pittsburgh, the night of the explosion. This contractor 
had plant and an organization at work on a near-by job, 
which was readily obtainable and which made it possible 
to start the emergency work at 7 a.m., Nov. 26. Since 
the time of starting, a force ranging from 400 to 500 men 
has been continuously employed day and night. 

CLEARING THE OuTLET—The break in the sewer near 
the river obstructed the flow to such an extent that there 
was imminent danger of the sewer becoming entirely 
clogged. Had this happened the steam-supply lines to 
the Carnegie mills would have been submerged, causing 
the mills to suspend operations and so throwing 2000 
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employees out of work. Furthermore, the overflowing 
of the sewer at this point would have made a channel to 
the river, undermining the railroad tracks and stopping 
the operation of the road. 

The sewer was unobstructed beyond the break. In or- 
der to clear the obstruction at the break a shaft was ex- 
cavated directly below, to the top of the sewer. An open- 
ing Was made in the sewer inside the shaft with a 314- 
ton drop hammer operated from a locomotive crane. This 
opening released the water, which had backed up to 
within a few inches of the steam-supply line and about 
114 ft. from the street surface. The excavation was then 
continued, and by Nov, 29, the sewer was uncovered and 
the trench sheeted and braced for a distance of about 50 
ft. Subsequently the trench was extended and portions 
of the damaged arch of the sewer and débris were re- 
moved and an unobstructed flow secured. 
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Fig. 9. FLrumMer Diversion or SEWER Just ABOVE. LiB- 
ERTY AVE. 


The length of the trench at this point is 86 ft., the 
width 16 ft. and the depth to the top of the sewer 14 ft. 
The trench was sheeted with 2-in. lumber, with 8x8-in. 
wales and 6x8-in. cross-braces. To avoid imminent dan- 
ger of flooding in case of rain, it is proposed to let a con- 
tract immediately for the permanent repairs, at an esti- 
mated cost of $7500; this is easily possible because the 
repair work at this point is separated from the main 
work. 

CLEARING INTERMEDIATE Section—Work was com- 
menced Nov. 26, uncovering the damaged sewer between 
Liberty and Penn Aves., and by Novy. 29, the entire sec- 
tion, 220 ft. long, had been excavated and the sheeting 
driven to the top of the sewer. Since then the excava- 
tion, sheeting and bracing of the trench and the removal 
of the damaged arch and débris in the sewer have been 
completed. Owing to the presence of the railway viaduct 
the work at this point was done entirely by hand. 

Bypassing Uprer Part or Sewer—At Cayuga St., 
the upper end of the explosion, the sewer was effectually 
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closed by the settlement of the ground into tl: r. 
The sewage overflowed and followed down the ri: 
way of the Pittsburgh Junction R.R., submergi: 
tracks and damaging the roadbed. It reéntered th 

at the opening caused by the break near the Fort : 
bridge. The flow into the sewer was partially obst: 
causing the sewage to back up, but the obstructic 
not sufficient to divert the flow to Liberty Ave. H,» 
sewer clogged entirely at this point serious damage 
have resulted to property on Penn and Liberty .\ 
below this point. ; 

An attempt was made on Nov. 27, to free this « 
ing of obstructions by excavating with an orange- 
bucket operated by a locomotive crane. After wo 
several hours and excavating to a depth of about 1s 
the sides of the excavation began to cave in, threate: 
to undermine the track and endanger the crane, com 
ling the suspension of this work. To safely continue t\\ 
work it was necessary to support the track upon whicl to 
operate the equipment, and pile bents were constructed, 
The track having been made secure, a coffer-dam of 121/)- 
in. U. 8. steel sheet-piling was driven around the open- 
ing. This coffer-dam was about 40 ft. long and 20 ft. 
wide, the piles being 30 ft. long. The prompt delivery 
of the piles was made possible by the courtesy of 1! 
steel mills in changing the rolls and immediately rolling 
the material, which was delivered upon the work within 
12 hr. Driving the sheeting was started on the night o! 
Nov. 29, and finished Dec. 2. By the time the sheet-pil- 
ing had been driven, the opening into the sewer had be- 
come entirely closed. Excavation inside the coffer-dam 
was started immediately, and after several hours’ work 
the obstruction was removed, releasing the water, which 
in the meantime had submerged the surrounding loca! 
ity. The bracing of the coffer-dam with 12x12-in. tim- 
bers was now started, and continued as the excavation 
was started down. To permit the entrance of water, an 
opening was’left in the coffer-dam, and a screen of 12x12- 
in. timbers set vertically was built. 

The uncertainty of the condition of the sewer below the 
coffer-dam, and the extreme danger of the opening at 
this point becoming closed in case of a heavy rain, mai 
it advisable to sink another shaft at the manhole on 
33d St., just above Liberty Ave., on the opposite side o! 
the railroad, and from this shaft construct a flume lead- 
ing to a point just above the coffer-dam. The shaft at 
the manhole is 2Q ft. square. The flume is 10 ft. wide 
and 200 ft. long, with a grade of 1%; the average depth 
of cut for the flume was about 12 ft. 

The flume serves the double purpose of a_ bypass 
around the break, to make possible and easy the cleaning 
out of the sewer above the break, and of providing an ad 
ditional waterway for storm flow. It was practically 
completed on the night of Dec. 6. The rain on the night 
of Dec. 6 and the day following put it to actual test, and 
demonstrated the wisdom of the extra precaution taken. 

While work was in progress in connection with open- 
ing up the sewer at the places previously mentioned, the 
railroad company was busy excavating a ditch along and 
outside of the tracks, in accordance with previous ar 
rangements. The ditch confined the water, thereby keep- 
ing it off the tracks and diverting the flow from the line 
of the damaged sewer. 

A decision having -been reached as to the policy to be 
pursued with respect to permanent repairs (which con- 
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January 


d the performance of the work by competitive 
ida! based upon unit-prices), it was necessary, in 
iy (0 determine the character and extent of such re- 


tempi 


ord 
pairs, to uncover the sewer from the west end of the 
1 house on Sassafras St. to Cayuga St. The work 


pott 
of wering the sewer between the above points will 
. (under the most favorable weather conditions) at 


_ 
oi two months, and during this interval all drainage 
will tow in the open ditch. To prevent damage to the 
railroad property in case of rain during this period, it 
was considered advisable to enlarge this ditch to regular 


lines and to sheet and brace the sides. The ditch is 2800 
ft, jong and 10 ft. wide, with a minimum depth of 6 
ft. The sides are sheeted with 2-in. plank, 12 ft. in 
length, and braced transversely with 6x8-in. timbers. 
Additional funds were appropriated, amounting to 
$60,000, making a total appropriation of $110,000 to 
cover the cost of the emergency work. The uncovering 
of the broken sewer from the brewery along Sassafras 
St. to the end of the stable of the brewery requires the 
use of a cableway, supported by three towers. The ex- 


ENGINEERING 


NEWS 2 


2 


pacity is 2000 cu.ft. per sec. This computed runoff is 
based on an area of about 1600 acres, the time of concen- 
tration of the flow with sewers full at the point computed 
being 31 minutes, the coefficient of runoff taken at 0.63 
and the rainfall rate 2 in. per hr.; the estimated quan- 
tity provides for future development. In view of the 
foregoing, it was necessary to decide whether, under the 
circumstances, it would be advisable to permanently re- 
pair the old sewer to its former dimensions or to con- 
struct an entirely new sewer adequate to carry the total 
runoff of the watershed. 
adopted, the construction of a relief sewer equivalent to a 
circular sewer 9 ft. in diameter would be required to pro- 
vide adequate drainage. 


In case the first plan was 


A new single sewer, adequate 
to carry the total runoff, would have a carrying capacity 
equivalent to an 11-ft. circular sewer. 

The position of the State Commissioner of Health 
with regard to the continued use of the combined system 
and the discharge of the untreated effluent into the river 
further complicated the problem. At the request of the 
municipal authorities, the State Commissioner of Health, 





FLuME Diversion IN YARDS NEAR Forrar 
Sr. BripGe 
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cavated material is loaded into wagons and hauled to a 
near-by dump, as there is no room on either side of the 
sewer to store the material. This work, together with the 
enlargement and sheeting of the open channel, is now in 
Beyond the stable, where space is available, a 
different method of excavating and disposal of material 
will be adopted. 


progress. 


PLANS FoR REPAIRS AND FuTURE CONSTRUCTION 


The formulation of a policy for the repair and recon- 
struction of the damaged sewer was necessarily held in 
abeyance until a more complete knowledge of the condi- 
tion of the sewer was obtainable. The problem was com- 
plicated by the fact that the existing sewer was inade- 
quate in capacity to provide proper drainage for the dis- 
trict served. The trunk sewer and main laterals of the 
system are surcharged during heavy rains, blowing off 
manholes, overflowing, and backing up the sewage into 
the laterals and connections. For the improvement of the 
drainage of the basin a study was made two years ago 
of the drainage requirements and designs were prepared 
for a relief sewer, which has since been completed, paral- 
leling the existing main between Aiken and Winebiddle 
Aves. It was anticipated that this relief sewer would be 
extended to the river as funds became available. The 
capacity of the damaged sewer, as before stated, was 800 
cu.ft. per see., while the total required discharging ca- 


Fie. 11. Sewacre FLowine 
Nov. 26, 1913. 


aLonc P. J. R.R. Tracks, 
» 
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LOOKING TOWARD 3: 


Dr. Samuel G. Dixon, was represented in the consider- 
ation of these matters by F. Herbert Snow, Chief Engi 
neer of the State Department of Health. 
ining the situation and conferring with the local engi- 
neers, a joint report submitted at the 
Council, by Mr. Snow and Mr. Sprague. 


After exam- 


Was request of 


The 


makes definite recommendations with regard to the needs 


report 


for additional drainage facilities in the whole basin, the 
policy to be followed with respect. to repairing the dam- 
aged sewer, and the matter of the disposal of the sewage 
into the Allegheny River. 

Aside from relative economy of construction, the fol- 
lowing factors entered into the determination of plans 
for rebuilding and reconstruction. It 
provide at the earliest possible moment a temporary 
waterway for the sewage to avoid damage from flooding 
and to relieve unsanitary conditions. The construction 
of a new sewer 11 ft. in diameter, adequate to carry the 
entire discharge from the basin, would involve serious de- 
lay, pending the procurement of funds by a bond issue. 
Funds for repairing the sewer to its present size could 
be readily obtained by tax levy. During the construction 
of the 11-ft. sewer the flow would have to be maintained 
in an open channel. The time required to construct 
the larger sewer would greatly exceed that required to 
repair the present sewer. Since the invert of the sewer 
was found to be intact, it is feasible to satisfactorily re- 


Was necessary to 














































































































































































Al ieee 


a ee 


28 ENGINEERING NEWS Vol. 71, \ 





pair the sewer by constructing a new arch, the flow in 
the meantime being confined in the old invert. Repair- 
ing of the present sewer was further justified by the fact 
that when so repaired it will have a further life of at 
least 25 yr. 

It was further determined that the cost of permanently 
repairing the existing sewer with a new arch and sub- 
sequently building a 9-ft. relief sewer was less than the 
cost of building a single new sewer, particularly since 
the increased cost of maintaining the open channel re- 
quired by this latter plan would be considerable and the 
plan itself open to serious objection. 

After considering the situation from all standpoints, 
definite recommendations were made, in the joint report 
referred to, to the effect that the old sewer be repaired to 
its original size, at an estimated cost of $250,000, and 
later, under funds to be provided by bond issue, a relief 
sewer be provided, the total cost of which work, inc’ ading 
additional relief sewers for the main laterals, is estimated 
at $938,000. 

The accompanying general plan shows the existing 





combined sewer system of the basin, relief sewers y, 








completed or now under construction, and propo... 
lief sewers, which, with the existing sewers, will» |, 
adequate drainage for the whole watershed. 

The question of the treatment of the sewage fr 
basin was deferred until such time as detailed pla 
the comprehensive improvement of the drainage ; 
ties of the basin can be prepared and funds pro ju 
for their execution. The probable solution of the 
lem will consist of a dry-weather diversion and 
stallation of settling or screening devices, or both), 

a submerged outlet extending to the thread of the 
gheny River. The construction of such works will 
ably be delayed until required by the State Depart: 
of Health. 

The work is under the supervision of N. 8S. Spra 
Superintendent of the Bureau of Construction; [. C)\as. 
Palmer is Division Engineer. Ottomar Stange, ot 
firm of John F. Casey Co., has supervision over the « 
tractor’s forces, assisted by G. M. McAllister, Superin- 
tendent. 


Water-Works Improvements at 
La Crosse, Wis. 


SYNOPSIS—Modern demands for a better quality of 
water, better fire protection and improved pumping con- 
ditions are leading to an abandonment of the Mississippi 
River and direct pumping for a supply pumped by elec- 
tric power from wells in the gravel and sand to a receiving 
reservoir, from which the water is pumped to a distrib- 
uting reservoir. The old pumps are being overhauled and 
moved to a new station near the receiving reservoirs. The 
well pump houses, the new main pumping station and the 
lwo reinforced-concrete covered reservoirs are described. 
x 

The city of La Crosse, Wis., is located on the east side 
of the Mississippi River and is divided into two parts 
by the La Crosse River, which enters the former stream 
at this point. The population was about 30,500 in 1910, 
and is estimated to reach about 40,000 by 1930. The 
present water-supply system was built by the city in 
1877, taking water from the Mississippi River and pump- 
ing it directly into the mains. The water is not filtered. 

The consumption has averaged nearly 3,000,000 gal. 
per 24 hr. for about ten years. The most severe con- 
ditions were during the very dry summer of 1910, the 
daily average for July being 5,500,000 gal., with a max- 
imum of 6,800,000 gal. for a few days. 


Otp Water-Works SystTeM 


The pumping station was located near the Mississippi 
River, in the manufacturing district of the southern part 
of the city, closely adjacent to the business center. With 
such a location it had a rather severe fire hazard. 

A change in the source and mode of supply became 
desirable to secure better water and to avoid the difficul- 
ties and limitations incident to a direct-pumping sys- 
tem. Accordingly, Alvord & Burdick, consulting engi- 
neers, of Chicago, were engaged in 1911 to make inves- 
tigations for a new supply and for other improvements 


in the works. They advised that water sufficient for the 
next 15 or 20 years could be obtained from wells sunk 
in a 240-acre tract of sand and gravel land in the La 
Crosse Valley, within the city limits, and that this sup 
ply could be enlarged by sinking more wells in adjacent 
land when needed. They recommended that the water 
be pumped from the wells by electric power, delivered to 
a 1,000,000-gal. covered storage reservoir and pumped 
thence to a 5,000,000-gal. reservoir, from which the city 
would be supplied by gravity. The plan included moving 
the old pumping plant to a new station near the receiving 
reservoir and making some improvements in the largest 
pump.* 

These recommendations were adopted; and the works 
are now well advanced. As soon as the works are com- 
pleted, the river supply will be abandoned. The con- 
tracts were let in November, 1912, and the entire system 
is expected to be completed by January, 1914. The con- 
struction has been under the direction of Alvord & Bur 
dick, with L. A. Genpel as resident engineer in charge. 
The city engineer is Geo. P. Braddish. The estimate of 
cost for the new water-supply system was as follows: 











Land (240 acres) .. $16,300 
Wells, 19 at $650.... . Pee ui.us : 12,350 
Well curbs, houses 2nd connections. . . ; Putas ee 11,000 
Motors, pumps and generators. . . ; ¥ 25,000 
Pipe lines to wells feats e% ‘ ¥ sit 14,260 
Transmission lines... .. pee 2,400 
Reservoir, 1,000,000 gal.. das E O4'sse 15,000 
Pumping station............. ; ie ed a ia 45,000 
Pumping engine, 8,000,000 ga:......... 28,000 
Piping, moving old engines ro boilers, ete....... 32,000 
High-service reservoir, 5,000,000 gal... ... 70,000 
Distribucion mains... ... . 95,610 

WN: 4 OX icnokwkn cause : cee neiowe crap eed maa a $366,920 

Contingency and incidental 15°%...... ed 5 ial a ci wen 55,000 

Grand total <a ama oals feat aloes pars cake $421,920 





*The principal machinery at the old station was as fol- 
lows: One 10,000,000-gal. Holly vertical triple expansion en- 
ne (1895), one 4,000,900-gal. Blake i condensing 
irect- a engine an one 2,600,00-ga ne of this 
latter ty e (1881), three 187-hp. internally fired boilers, 8x16 
ft. (190 . The total lift at the old plant was about 168 ft 








THe WELLS 


For ‘he new water-supply there are five groups of four 
wells «ach. The wells are 115 to 160 ft. deep, 10 in. 
diam: er, With a 20-ft. length of strainer on the bottom, 
The » ction pipe is connected directly to the well casing, 
rior drop-pipe being used. In each group of 
well: a 10-in. flanged suction pipe runs from each well 
to to low-service pumping station of the group; and 
1j- ond 20-in. discharge pipes leading from these five 
daious unite in a 24-in. main terminating at the low- 
service reservoir. 


no 


a vonserie mv PE > 









co 
W248 
K 


__yfloor Line £7.43 
—K  #’"ledge + 


Alt. Bars, 
extend info Wa! 








Kg H 
Verti real Section (Openings notshown) 









We Yi. > 
' 
ty ' 
‘sti ' 
FETAL D | 
4p et 
foes ee 
Z tab depa-bach 
‘ ety 
“rete bars rset t 
gtahae tp 4-p4-e4-r pb 
a — bane dw} bt & tee 
¢ 4a tty t a 
moneda dqop es top det 
sbr-base et Tt td 
eereiticrritirs 
= ; 
teeteab aber eer t- 
ae 4-bae Ps 
\ , tt 
rtebd-ba-p4-- ea 
e-fha-r toh abd 
tert 


Plan, 


Fic. 1. Pump House Servine a Group or Four Writs 


The wells in each group are about 100 ft. apart, and 
the groups are 800 to 900 ft. apart, being so arranged 
that wells for additional groups can be put down to in- 
crease the supply by 30 to 50% on the same site. 

The wells were put down by an ordinary well-drilling 
rig. Difficulty was anticipated in laying the pipe lines 
across the marshy ground but the work proved to be com- 
paratively easy. Steel sheet piling was used for these 
pipe trenches, being driven to below the grade line, and 
removed after the pipes were laid. This work was done 
during the winter. 


ELECTRICALLY DriveEN Pumps AT WELLS 


Each group of four wells is served by an electrically 
driven pump in a pump house central to the group. The 
pump is of the vertical-shaft centrifugal type, having a 
capacity of 1400 gal. per min. (2,000,000 gal. per day) 
at 1120 r.p.m. against a head of 40 ft., including suc- 
tion. On the top cf the shaft is mounted a 25-hp. 440- 
volt, 60-cycle, three-phase motor. Ordinarily four of the 
groups will be pumped and one held in reserve. Current 
is brought to the plant from the main pumping station, 
the poles carrying the transmission line also serving to 
carry telephone wires. 

The pump houses, Fig. 1, are circular structures of re- 
inforeed concrete, 12 ft. 8 in. diameter inside, with a 
height of 16 ft. 6 in. from the bottom of the pit to the 
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pump floor, and 8 ft. 9 in. from this floor to the roof. 
The bottom is at elev. 26 (above city datum). The 
walls are 12 in. thick in the lower portion and 6 in. 
above, while the floor is 15 in. thick and the roof 4 in. 
The pump floor is of steel plates on I-beam framing, and 
the roof has an I-beam for a hoist in hand!ing the ma- 
chinery. The concrete is similar to that used elsewhere. 
A small electrically driven drainage pump is provided 
in the pump house and serves also for priming the main 
pump. To provide against the possibility of delivering 
drainage water from the sump into the mains, a flexible 
hose connection is used on the small pump so that it can 
be connected either to the main pump or to the sump. 
ConstrucTION—The well houses extend about 8 ft. be- 
low the ground-water line, so that special means had to 
be employed in building them. The contractor drove 
sheeting to a depth of about 11 ft., forming an octagon 
of about 17 ft. diameter. The ground was then exca- 
vated and a wooden tub or tank set in place to form the 
outside of the form, the concrete floor being laid on the 
bottom. When the concrete had set, the tank was taken 
down for use at another pit, but of course required a new 
wood floor each time. Ag the marsh is overflowed every 
year, the walls had to be made watertight. The drawings 
show the earth banked up around the pump houses, but 
part of this banking was washed away by the spring 
floods, necessitating the use of a ladder with platform 
landing instead of the stairs originally planned. 
RecervinG Reservoir 
The 24-in. discharge main from the wells delivers the 
water into a receiving reservoir of 1,000,000-gal. capacity 
at the new pumping station in Myrick Park. A Ven- 
turi meter is placed in this main, and has a throat diam- 
eter to measure water accurately at rates varying from 
1,400,000 to 13,000,000 gal. daily. The reservoir is 
rectangular in plan, and is divided into two chambers. 
The main or storage chamber is 102x97 ft., and the suc- 
tion chamber is 9x102 ft. The depth is 14 ft. The res- 
ervoir is below the ground level of the park, and its roof 
is covered with about 12 in. of earth. 
The reservoir is of reinforced-concrete construction, 
somewhat similar to that employed for the distributing 
or service reservoir. The columns are spaced 12 ft. 1 in. 





Me 7p"-> OC) Pipe Outlet 


Overflow Valve Well 


Fig, 2. OverrFLoW TrovuGH AND Suction BELL OF THE 
RECEIVING RESERVOIR 


longitudinally, and 13 ft. 6 m. and 14 ft. 7 in. trans- 
versely. Upon them are the 23x12-in. girders with a 6- 
in. roof slab. The concrete floor has a %4-in. finishing 
coat of 1:2 cement mortar. A ventilating shaft is pro- 
vided and to prevent the pocketing of air between the 
girders, 4-in. vent holes are provided in these just below 
the slab. 

The overflow device is a concrete trough, with pipe 
connections, as shown in Fig. 2. To insure a uniform 
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draft, the suction pipe of each engine ends in a bell di- 
rectly over an annular depression in the floor of the suc- 
tion chamber. This arrangement for the Blake pump is 


€ 


shown in Fig. 2. 
Main PUMPING STATION 


This new pumping station is located in Myrick Park, 
close beside the receiving reservoir at elev. 50. It pumps 
the water through a 24-in. main to the distributing res- 
ervoir (elev. 258), a distance of 144 miles, and has also 
a 30-in. main connected to the city distribution system 
for direct fire service. The 24-in. and 20-in. distribu- 
tion mains are connected also with the distributing res- 
ervoir by a 20-in. main. Being located in a public park, 
the building has been designed with a view to a pleasing 
appearance. It is a one-story building with exterior walls 
of red brick and white terra cotta, while the interior is 
of buff repressed brick with white marble wainscot. The 
roof is of concrete, on steel trusses, the slab being: cov- 
ered with an asphalt composition and gravel. The coal 
bunker is of reinforced concrete. 

The concrete foundation walls are exposed for about 
3 ft. above the ground level and this part is given a spe- 
cial treatment. The concrete is wetted and given a coat 





Fic. 3. Granp-pap Buurr, La Crosse, Wis. 


(The location of the high-service reservoir is indicated by the 


tower and chute of the concreting plant.) 


of 1:3 cement mortar. This also is wetted and then 
given a finishing coat of mortar composed of 1 part port- 
land cement and 4 parts crushed white granite screenings 
(with no sand). When the latter coat has set, it is 
scrubbed with acid to remove the surface cement and 
expose the granite particles, the treated surface being 
well washed down with a hose to remove all traces of 
the acid. 

The engine room is 100x50 ft., with its floor 8 ft. 
above that of the boiler room, 57x40 ft. The coal bunker 
and shop (alongside the boiler room) are 57x29 ft. The 
bunker has a storage capacity of 500 tons, and is served 
by a spur track from the adjacent line of the Green Bay 
& Western R.R. The smokestack is of concrete, 150 ft. 
high, with inside diameter of 5 ft. The engine room 
is served by a 15-ton overhead electric traveling crane 
of 50-ft. span, with a headway of 32 ft. 

In the engine room are being installed the old Holly 
engine (with plungers reduced to give 8,000,000-gal. 
capacity at an ordinary pressure of 90 to 100 Ib.), and a 
new horizontal cross-compound high-duty pumping en- 
gine of the same capacity, against a total head of 240 
ft. (including suction). Space is provided for a third 
engine in the future, but at present the old Blake 4,000, 
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000-gal. direct-acting pump will be installed |, 
emergency purposes. 

In this room also are the turbo-generator wun . 
supplying current to the low-service pumps at th: 
These are of 125 kv.a., and two are now installed. 
space is provided for a third. 

The boiler room provides for four internally fir: il 
ers, of 187-hp., and the three of these from the o 
tion are now being transferred to the new station. 

The concrete foundations for the pumping statio:, and 
the engines were built during the winter, in order :. je 
in readiness for installing the pumping engines ear! y jp 
the spring. The materials were heated, and the js) 
concrete carefully covered and protected, and in o1\y 4 
few spots was the concrete found to be at all open or 
granular. 


DistTRIBUTING RESERVOIR 


The distributing or service reservoir is located on a 
bench or shelf on the north side of the Grand-dad Bluff, 
which rises to a height of about 600 ft. above the river, 
Fig. 3 is a view of the bluff. The location of the reservoir 
is indicated by the tower and inclined chute of the 
concreting plant. 

The reservoir is of 5,000,000-gal. capacity, 20 ft. deep. 
and its bottom is at elev. 258, giving a pressure of 77 to 
90 Ib. in the city district and 84 to 96 lb. at the pump- 
ing station, according to whether the reservoir is ful! or 
empty. A 20-in. main leads to a connection with the 
distribution system in the city, and a 24-in. main is laid 
from the new station to a connection with this system. 

The reservoir is of peculiar shape in plan, as shown |) 
Fig. 4. This is in order to conform closely to the con- 
tour lines of the hillside and keep the bottom on tli 
original solid ground, thus reducing to a minimum the 
amount of excavation required. The reservoir has a 
width of 60 to 80 ft., and a total length on the center 
line of about 460 ft., while the area is about 33,000 sq. 
ft. It is divided into two parts of approximately equa! 
size by means of a partition wall. 

The reservoir is built on a foundation of compact clay 
with large boulders, the character of the clay being sucl 
that the excavation would stand with an almost verticai 


face. It is banked and covered with earth, as shown it 
Fig. 7, the normal depth of cover being 1 ft., but along 


the inner side this may be increased by material sliding 
from above. Around the upper side is a stone-paved gut 
ter, to intercept water flowing. down the hillside. 

The side walls, Fig. 5, are 20 in. thick to a height of 
12 ft. and then batter on the ‘inside to a top width of 
11 in. They are reinforced as shown, the reinforcemen! 
being designed for full water pressure on the inside and 
for earth pressure equivalent to half water on the out- 
side. The partition wall batters on both sides and is de- 
signed, of course, for full water pressure on both sides. 
The walls were built in sections and for making the ver- 
tical joints, a stick 4x6 in. was set upright in the end 
of the form, placed diagonally to the wall and having a 
sheet-iron plate let into its projecting corner. This part 
of the plate was embedded in the concrete, and when the 
forms were removed, the 4x6-in. stick was taken off, leav- 
ing the other half of the plate to be embedded in the 
concrete of the adjacent section. 

The concrete floor is reinforced throughout, with extra 
reinforcement at the column footings. It is formed wit) 
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Each of the two compartments of the reservoir has two 
ventilator manholes, which are rectangular chambers ex- 
tending above the roof as shown in Fig. 7. The cham- 
ber is 2 ft. square inside and 3 ft. high, with a hinged 
iron cover on the top and an opening 12x24 in. 
side, fitted with louvers. Each compartment has a 12-in. 
overflow pipe with 24-in. funnel, the pipes 
through the walls and uniting in a single_12-in. pipe 
discharging in a cobble-lined surface gutter (Fig. 10). 
In the floor of each compartment also is a 20-in. inlet 
pipe and 12-in. blowoff pipe, the pipes being fitted with 
cast-iron sleeves which have flanges embedded in the 
concrete (Fig. 10). 

Construction Metruops—The excavation 
high-service reservoir was done with an orange-peel 
bucket handled by a locomotive crane. The concrete was 
mixed in a drum discharging into an elevator bucket 
traveling in a tower 160 ft. high (Fig. 3). From a hop- 
per near the top of the tower the concrete was delivered 
to a galvanized-iron inclined chute of semi-circular sec- 
tion. This ended in a receiving hopper from which the 
concrete was wheeled to the forms in buggies. The 
chute was shifted as required, so as to keep the hopper 
near the work of concreting. No concrete was spouted 
into place in the forms, the only concrete poured directly 
from the chute being at a low place beneath the floor level 
which was filled with about 700 cu.yd. of concrete 
(1:3%4:7). 
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1:3:6 mixture (using ¥ in. to 1% in. 









sci eeat AP SiR TT 
i ' : tN 46 ehitenk 
izontal Section over Col. Section 7, \"2 Vertrnerar 
C-D 45-ON 


-Bars bert arournd Qpenings 
; mured Qpenireg, 
‘» ST _. 





Detail of Blow-off and Inlet Connections 
” J 
Ai, meme ee 
. A 4 detour OR ng! 
Tet [Pipe ne 
Vi m 
ENG NEWS 





: Detail of Overfiow 
FiI6.7 VARIOUS DETAILS 


Colurnn Sections 


Fics. 4 to 7. Puan, Sections AND DeTAILs oF THE DistripuTinG Reservoir AT La Crossr, Wis. 


longitudinal gutters between the rows of columns, the 
gutters having a slope of about 1 in 500 toward the 
blowoff. The floor has a 34-in. finish coat of cement 
mortar 1:2. There are four rows of columns, spaced 
transversely according to the varying widths of the reser- 
voir, and with a longitudinal spacing of 9 ft. 914 to 14 
ft. 6 in. 

The columns carry transverse girders, the section and 
reinforcement of which vary with the different lengths 
of span, as shown in Fig. 6. The roof slab is mainly 
6 in. thick, designed for 1 ft. of earth cover. In the 
pane! next the hillside, however, it is made 8 in. thick, 
to provide against an additional load due to material 
sliding upon it from above and increasing the depth 
of cover to 4 ft. 





For concrete which is to be reinforced, the proportions 
are 1:2:4 (with stone as above), and where it must be 
waterproof there is added to the cement 10% (by vol- 
ume) of hydrated lime. The reinforcement is designed 
for a stress of 16,000 lb., and consists of high-carbon 
plain or deformed bars of 50,000 to 60,000 Ib. elastic 
limit, all rolled from billets. Splices are avoided as far 
as possible, but where necessary the ends of the bars are 
lapped for a distance not less than 50 times their diam- 
eter. In the roof slabs, no bent bars are used, but the 
bars in the lower layer are laid through the column 
heads, while short pieces of straight bars are laid near 
the upper surface of the slab, over the columns (Fig. 6). 
This requires a little extra steel, but is much more con- 
venient in construction. 
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A New Type of Reinforced- 
Concrete Floor Construction 


A reinforced-concrete floor system of a ribbed-slab 
type, in which the spaces between the ribs are formed by 
steel troughs, constitutes one of the special structural 
features of the new Railway Exchange Building, at St. 
Louis. This construction combines lightness with 
strength, and effected a material reduction in weight as 
compared with the floor system originally designed. 

The Railway Exchange is an unusually large store and 
office building, covering an entire city block between 6th, 
%th, Locust and Olive Sts. It is 228x271 ft. in plan, 
with 21 stories, giving a height of 308 ft. It covers a 
ground area of 62,000 sq.ft., and has a total floor area 
of over 30 acres. The foundations are concrete piers 
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Fig. 1. Steen Froor Framing AND RIBBED-CONCRETE 
FLoor CONSTRUCTION IN THE RarLwAy EXCHANGE 

BuiLpinG, St. Lovis, Mo. 


carried down to’ rock. The columns and girders are 
of steel, with concrete floors and roof and terra cotta ex- 
terior finish. The architects were Mauran, Russell & 
Crowell, of St. Louis, and the structural design was pre- 
pared by the Westlake Construction Co., of St. Louis, 
which company had the general contract. The ribbed- 
slab floor construction with steel “floretyles” was designed 
by the Trussed Concrete Steel Co., of Detroit, Mich. 

The steel columns are of H-section and the girders are 
I-beams. In some of the panels on the lower floors (with 
the heavier floor load) the beams have top and bottom 
flange or cover plates. The assumed loading for the 
floors was 135 lb. per sq.ft. for the seven store floors and 
95 lb. for the 14 office floors. This is the total superim- 
posed load, including finish and live-load. The typical 
floor panels are 2614x25 ft. c. to c. of columns, but the 
end panels are 28x25 ft. at one end and 2714x25 ft. at 
the other end. Some of the panels are subdivided by 
framing for elevators and stairways. The ceilings are 
flat, being formed by a thin slab at the bottom of the 
floor ribs. 

The concrete-slab construction of the floors as orig- 
inally designed gave a weight of about 73 lb. per sq.ft. 
The advantages of the ribbed design were presented, how- 
ever, and as these were substantiated by a loading test of 
a full-sized panel this construction was adopted. Its 
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weight is a little under 50 Ib. per sq.ft., or a say 
nearly 33% in dead load as compared with the o 
design. This results in a considerable reduction i 
load to be carried by the floor framing, column d 
foundations. Fig. 1 shows a typical floor plan and. 
sections in both directions of the panel, and giv: 

an enlarged cross-section showing the details of th 
forcement. 


“FLORETYLE” FLOOR CONSTRUCTION 


The special feature, as noted already, is the u- of 
steel troughs for the spaces between the ribs. Thes | re 
given the trade name of “floretyles,” and are of thin «+ 
steel deeply corrugated, made in lengths of 3 to 4 
and lapped 1 in. at the joints. In this building :\¢ 
“floretyles” are 71% in. high, 19 in. wide at the top aid 
21 in. at the bottom. They are spaced 25 in. ¢. to «, 
so as to form tapering ribs 4 in. wide at the bottom. 
The thickness of concrete over the troughs is 24% in. 
giving a total effective depth of 10 in. for the ribs. In 
the longer spans already mentioned this is increased to 
10% in. Fig. 2 shows the “floretyles” in place, with the 
reinforcing bars (for the ribs) between them. It shows 
also (at the top) the very simple centering required. 

In building the floor, a layer of three-rib Hy-rib meta! 
for the flat ceiling was first laid upon the centering of 
each panel, and upon this (at right angles to the metal 
ribs) were placed the rows of steel troughs, their position 
in relation to the girders being as shown in Fig. 1. In 
each open space were laid two Kahn bars of medium 
openhearth steel, one of these a trussed bar 144x214 in 
and the other a 34-in. rib bar. The combined area of 
the bars was 2.2 sq.in. The *4-in. bars were bent up over 
the I-beam girders and lapped with those of the adjacent 
span, giving 1.12 sq.in. of steel over the girders at 25-in. 
intervals. On top of the “floretyles” and at right angles 
to the main reinforcement were laid 45-in. shrinkage bars 
12 in. apart. 

The roof is of similar construction, the concrete being 
covered with the Johns-Manville Co.’s built-up asbestos 
roofing. This is composed of layers of asbestos felt 
(placed separately), cemented together and coated with 
Trinidad asphalt. 

The “floretyles” have deep ribs across the top and heavy 
corners to insure stiffness in supporting the loads and re- 
sisting deformation. Their notched edges engage with 
the meshes of the Hy-rib ceiling sheet and assist in hold- 
ing these parts tegether. The troughs are normally 20 
in. wide at the base and 6 to 12 in. deep, made in lengths 
of 3 ft. and 4 ft. Owing to their taper form they are 
easily nested for shipment, and they are not liable to 
breakage in transportation. In concreting also, there is 
no loss of cement or concrete through flow at joints or 
broken spots. In addition to the Railway Exchange 
Building at St. Louis, this construction has been em- 
ployed in several buildings, including offices, hotels and 
schools ; also for the Capito] building in Formosa, for the 
Japanese government; the president’s palace at Havana, 
for the Cuban government; and the Washington Hotel 
at Colon, for the United States government. 


Test oF Fioor PANEL 


In the loading test (already noted) of the floor as 
designed for the Railway Exchange Building, the test 
panel represented an end or wall panel of a continuous 











ary 1, 1914 


floor ind in order to approximate the conditions existing 
in 1 a floor the beams and floor were extended as 
cal ers on three sides, the extension being 7 ft. 6 in. 
hey. | the panel line on two sides and 7 ft. 2 in. on the 
oth: side, as shown in Fig. 3. These cantilever portions 
wer loaded equally with the panel. The’ size of the 
pal proper was 25x26Y% ft. c. to c. of the columns, 
. were of reinforced concrete 24 in. square. In the 
lon--r direction, the panel was supported by two 24-in. 
|-|. ims on each side, and these were connected by single 
s-i,. I-beams on the shorter sides. The beams were em 


he led in concrete fireproofing. 

(he floor was designed to carry a live-load of 150 
|). per sq.ft. The steel troughs and reinforcement were 
lait as deseribed above, and then the concrete (1: 1144:3) 
was poured to a thickness of 10 in. from the bottom of 
the Hy-rib ceiling, giving 21% in. of concrete above the 
“floretyles’ and providing the necessary toe-section re- 
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FOR RIBBED- 


Fig. 2. Steet TrovuGus or “FLORETYLES’ 
FLoor CONSTRUCTION, WITH REINFORCING Bars IN 
PLAcE FoR THE Riss; Rartway EXxcHANGE 
Burtpine, St. Louis, Mo. 


quired in compression. The Hy-rib metal was given a 
34-in. coat of cement mortar (1:3). 

The concrete was poured Dec. 28, 29, 1911, during cold 
weather, and all materials were heated before using. As 
the panel was in the open, a tent was erected over it and 
fires were kept burning in the tent until the time for ap- 
plying the test loads. The tent was erected immediately 
after the concrete had been poured, but owing to severe 
weather conditions the temperature of the slab dropped 
at once below freezing, and was not raised above 40° until 
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ten days later, the slab being apparently frozen for four 
days. During the latter portion of the aging period the 
temperature in the tent was 55 to 70° F. The tent was 
removed two days in advance of the test. 

The test load was placed Jan. 30, 1912. This was 33 
days after pouring the concrete, but the slab had been 
exposed to a temperature of over 40° F. for only 21 days. 
Wooden sides were built around the slab, and loose sana 
was filled in during one day, the total amount being 
191,081 lb. (ou slab and cantilever portions) an aver- 
age of 360.2 lb. per sq.ft. The load remained for about 


35 hours. It was then taken off gradually, beginning 
Feb, 2, so that zero readings were not obtained until Feb. 


6, 1912, and final readings were made on Feb. 8. 





Fig. 3. 


LOADING Test or A Riregep Concrete 
PANEL BUILT WITH STEEL “FLORETYLES” 


FLooR 


The weight of the floor panel was about 50 lb. per sq 
ft. The test required by the city ordinances is a super- 
imposed load equal to the dead load plus twice the live 
load, which in this case would be 350 |b. per sq.ft. The 
center point of the panel deflection was less than 0.5 in. 
for a 360-lb. load, which is well within the limits pro- 
vided for in The permanent was 
about 0.2 in. This test was carried out by Robert W. 
Hunt & Co., of Chicago, and the above particulars are 
taken from their report. 


the ordinance. set 


“FLooRDOME” FLooR CoNsTRUCTION 


A modification of the floor system above described con 
sists in the use of rectangular bowls or “floredomes” of cor- 
rugated steel, instead of the continuous troughs or “flore- 
tyles,” thus forming a cellular floor with ribs and stee} 
reinforcement in both directions. 
in the manner already described. This also is a special 
design by the Trussed Concrete Steel Co, 

The “floredomes” are 211% in. square at the base, and 6 
to 12 in. deep. They are nested for shipment, thus facili- 
tating transportation materially. The Mt. Tabor school, 
at Portland, Ore., and the Packard Service Building at 
Los Angeles, Calif., are among the buildings in which this 
floor construction has been adopted. 


A flat ceiling is formed 
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Engineering vs, Brickinying—The following item appeared 
in a New York newspaper on Dec. 20: 

Because of the complaints of the Bricklayers’ Union the 
Public Service Commission yesterday ordered that all water- 
proofers employed on the new subway work should receive 
$5.60 a day instead of $3.25, and that after Jan. 1 they should 
receive $6. The union represented to the commission that as 
the waterproofers were working in mastic, their work really 
was that of bricklayers, and that therefore they should re- 
ceive the pay of bricklayers. 

This is greater compensation than is paid by the Commis- 
sion to a considerable number of engineering graduates of 
some years’ experience employed by the Public Service Com- 
mission itself. 
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Report on Collapse of Steel 
Frame of a Theater; 
Cause a Mystery 


On Jan. 22, 1913, a large new theater in New York 
City, under construction and nearly completed, was 
wrecked by the collapse of most of its roof and the inter- 
ior balcony. Little more than the walls and auditorium 
floor remained. The collapse occurred only 20 minutes 
after quitting time and the last of the 200 workmen em- 
ployed on the building had only just left when the struc- 
ture fell. Fig. 1 shows the interior just after the col- 
lapse. 

A brief account of the accident was published in our 
issue of Jan. 30, 1913, p. 234, but at that time the stee! 
framing was largely covered by the débris and it was 
impossible to report on the condition of the parts and the 
circumstances as shown thereby. Later examination 
showed a remarkable and puzzling state of affairs. We 
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INTERIOR OF OrPHEUM THEATER, NEW 
oN Day AFTER COLLAPSE 


have refrained from dealing with it until the issuance of 
the report on the collapse by the Bureau of Buildings of 
Manhattan Borough. This report, rendered last May, 
by Alfred Ludwig, chief inspector, to R. P. Miller, Super- 
intendent of the Bureau, was not made public until a few 
weeks ago. 

Other information is also available now: We have se- 
cured an opinion from the steel contractors, National 
Bridge Works, by T. J. Foster, President; and have cop- 
ies of reports made by four consulting engineers retained 
by the general contractor, Fleischmann Bros. Co., to in- 
vestigate the collapse: Robt. W. Boyd, Laurence A. Ball, 
Thos. J. Bird, and Weiskopf & Burroughs, all of New 
York City. The four investigations were made independ- 
ently of each other and of the investigations by the 
Bureau of Buildings and by the steel contractor. 
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The various opinions on the collapse differ ra. 
The engineers outside of the Bureau of Buildings | 


three different explanations of cause. Chief In- 
Ludwig’s report, on the other hand, considers al 
explanations as open to objection, and does not co: 
in favor of any. A further remarkable feature « |, 
case is that each of the three explanations is highly 
esting in itself, two of them at least involving 
tions practically unprecedented in structural failure. 
The points involved in the collapse include: t n 
failure; buckling of columns; stability of a cant r 
system of support; overloading by excess concrete x- 
cessive stresses; and quality of material. 


THE 


The Orpheum Theater, 168-180 East 87th St.. Sow 
York City, was being built by Fleischman Bros. Co. jor 
th. Loew Theatrical Enterprises. Thos. W. Lamb was 
architect for the latter. The National Bridge Works, 
New York City, built and erected ‘he 
steelwork. The steel erection was |v- 
begun in the early part of Novemlyr, 
1912, and the last of the truss work 
was set before the end of December. 
Floor and roof concrete, plastering, 
etc., went on in January. On the day 
of the collapse, the interior trim and 
some minor framing alone remained to 
be placed. 

The structural part of the building 
is drawn in Fig. 2, containing plan of 
roof, plan of baleony, and longitudinal 
section. In the two plans the portion 
which collapsed is indicated. 

The roof over the auditorium was 
carried by two large transverse trusses, 
the rear one resting on the side walls 
and the forward one resting on two 
columns, each about 7 ft. inward of 
the walls. The two trusses supported 
longitudinal secondary trusses and 
transverse I-beams. 

The balcony was of the usual canti- 
lever construction. A transverse truss 
resting on two short columns near the 
side walls carried the balcony. Three 
steeply inclined cantilever trusses ex- 
tended over this transverse truss, their 
rear ends being attached to the floor 
framing in the rear part of the theater 
at one of the upper levels, while the forward end carried 
the plate-girder balcony fascia rail. The balcony fascia 
girder, curving forward along the sides, extended 
as far as the high columns supporting the for- 
ward roof truss, and the ends of the girder were 
attached to these columns. Some beam framing for 
boxes at the balcony level between this column and the 
proscenium wall was not in place at the time of the col- 
lapse. With this exception the balcony framing was com- 
plete, and, as already mentioned, the concrete floor slab, 
stepping, etc., was in place. 

The auditorium floor was directly on the ground. 
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On Jan. 22, 1913, the workmen in the building left 
at 5 o’clock; about 5:20 the roof and balcony fell in. 
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was no extra weight on roof or balcony, and every- 
th was quiet a moment prior to the collapse. No 
inj-ations have been found that point to any kind of 


\ ce or malicious damage; the building apparently 
jus broke down, No one was injured. 


e plan sketch, Fig. 3, indicates the lay of the prin- 
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Fig. 2. StructuraL STEELWoRK OF ORPHEUM THEATER 


cipal parts of the fallen framework after the accident, 
as determined when the concrete, timber and other mis- 
cellaneous wreckage had been removed. 

All parts of the roof depending on the forward roof 
truss (the truss supported on the two long columns) 
fell; as indicated in Fig. 3, the truss moved back or east- 
ward in the fall, no doubt because the longitudinal 
trusses pivoted around their attachment to the rear truss 
until they broke away, and thus pulled the forward truss 
back. The longitudinal trusses, as well as the forward 
truss itself, remained whole (without breaks) and still 
connected to each other at their junctions. The rear 
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truss was somewhat damaged by the wrenching away of 
the longitudinal trusses, but otherwise stayed in place un- 
disturbed. The two long columns supporting the for- 
ward roof truss buckled each in four segments, lying, 
as indicated in Fig. 3 and shown by Figs. 9 and 10, in the 
shape of a closely compressed and twisted Z. It was 
evident that the roof fell because the long columns 
buckled under it. 

The entire balcony fell, with buckling of its two sup- 
porting columns and breaking of the main transverse 
truss in the bottom chord. The structure swung back 
(east) as the three cantilever trusses remained attached 
to the upper floor framing at their anchorage end. The 
south half of the balcony truss came down in practically 
vertical position, the center and south cantilevers break- 
ing apart through the gusset and flange splice at the 
angle of the bottom chord. The north cantilever did 
not break, and tipped the north end of the supporting 
balcony truss (see Fig. 8) somewhat forward. The breaks 
in the two southerly cantilevers, being in the lower (com- 
pression) chord, doubtless happened when the front ends 
struck the ground. 

The balcony fascia girder, 24 in. deep, remained at- 
tached to the two roof columns as well as to the three 
cantilever trusses. It was folded back on the balcony 
cantilevers in the middle portion. 


PrincipAL BREAKS 


The facts concerning the three important points of 
failure in the collapsed steelwork are noted as follows: 

BaLtcony Truss—Bottom chord broken squarely in 
two on the center line of the field splice, located between 
middle and north cantilevers. Just above here, top 
chord bent and partly broken, and several web members 
bent or broken (Figs. 6 and 7). Vertical of web showed 
well contracted tension failure, with reverse bends at 
top and bottom. Truss remained connected to its sup- 
porting columns at the end, except that the bottom-chord 
attachment at the south column was wrenched off, the 
column buckling between the two chords as well as below 
the truss. Truss chords of T-section (two angles, stem- 
plate and flange-plate).Bottom-chord splice which 
broke comprised side splice-plates and flange splice- 
plates. Break was clean and square, through rivet holes 
nearest the joint, the fracture faces of crystalline tex- 
ture. Spliced chord-section was 2 angles 8x8x%4 in., 1 
web 18x%4 in., 1 flange-plate 18x%¢ in. 

Batcony-Truss Cotumns—Length 18 ft. from base 
to bottom chord of truss, 27 ft. from base to top chord. 
Section H-shaped, 12x12 in. (four angles and web plate). 
Cap plate of column 6 ft. above bottom chord of truss. 
and upper joint of truss developed into a shoe with flat 
base seated on the column cap and riveted to it (Fig. 12). 
Both columns broke or buckled at the bottom chord of 
the truss, and the south column also buckled at its cap 
(see views Figs. 13 and 14). The base of the south col- 
umn moved off its grillage, but remained just alongside ; 
the north column slipped far away from its grillage. The 
columns were unbraced, except by their connection to the 
balcony floor-slab, and at the top by a strut to the wall. 

Roor Cotumns—Section H-shaped (four angles and 
web-plate), 12x12 in.; length 60 ft. from base to bot- 
tom chord of roof truss. Cap, and connection to truss, 
similar to detailing of baleony columns. Each column 
was held at top and bottom and at two intermediate 
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points. The points of bending or buckling in both col- lay of these columns is shown in Fig. 3. 
umns are at the two points of bracing (the lower one 11 are views of these columns. 
where the balcony fascia girder was attached and the 
upper one where a 15-in. I-beam strut to the proscenium 


Figs. 9, 
Re, i 
CoenpiTIoNs ExisvTiNG BEPORE COLLAPSE 
OVERLOADING BY Exciss CoNCRETE—The New 


: irder was ached), « at the bottom chord of the hd ; TK 
‘1 Seder was Sitached), and st the bottom ‘chen Building Code allows a steel stress of 16,000 Ib. per — |; 
t ‘dine The transverse truss of the baleony at the time « x 
4 a wa 2S collapse was stressed in many of its main memly: to 
Ha Ba v4 from 22,000 to 24,000 Ib. per sq.in., and this wit jo 
Pe pee / \ te live-load on the floor. The bottom-chord splice 0) | \y¢ 
F ¥ NV) cD } os . ° 
at] ! 9 oa balcony truss was stressed to 22,000 lb. per sq.in. le 
4 COL isi IST \ cantilever trusses were similarly overstressed. 
pe COL? The balcony columns also were overloaded. A 
ah ful estimate of the actual weight in place, by Asst. F 
| » . . . 
E. F. Hammel, of the Bureau of Buildings, shows! a 
load of 365,000 lb. on each column (R. W. Boyd « 


mated 396,000 Ib.) equivalent to 14,600 (15,850) |b. 
per sq.in., which is 50% higher than permissible un ler 
the Building Code and about the same amount higher 
than the designed dead- and live-load. 

The two tall roof-columns were loaded above balcony 
level to 166,000 (151,500) Ib., equivalent to 7s00 
(7150) lb. per sq.in. This is higher than intended by the 
design. The relation of load to probable capacity of these ‘ 
columns is a delicate question on account of their inde- 
terminate bracing. The load at time of collapse was 
about equal to the designed dead- and live-load. 

Part of the over-stressing was due to underestimate of 
proper load and errors of calculation. Most of it, how- 
ever, was due to great overloading by excessive thickness 
of concrete fireproofing, slabs and filling. 

Bracine or Roor Cotumns (Fie. 4)—Each column 
was made in two erection pieces, joined by a field splice 
just below the balcony fascia-girder attachment. The 
upper section had a shop splice near the upper bracing 
roof truss. The location and character of the bracing is point. The web of the H-section of the column was 
shown by Fig. 4. north-south, ie., transverse to the building. In this 

The tops of the two columns remained attached to the transverse direction the column was held (between base 
roof truss, and the bases remained close to their grill- and cap) only at the balcony level, by the fascia-girder 
ages, but tore away from them, without, however, de- attachment and by an 8-in. I-beam strut running to the 
stroying the footings. In addition, the columns showed wall and intended to be anchored to the wall. R. W. 
some twist around the longitudinal axis. The general Boyd reports this strut in the case of the north column 
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Fig. 3. Posirion oF Main StrrucruraAL Parts AFTER 
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as not being bricked into the wall but simply set into a 
recess, 

In the east-west direction, i.e., at right angles to its 
web, the column was braced at the balcony level (about 
19 ft. above its base) by the attachment of the balcony 
fascia-girder to one flange of the column, through a 15- 
in. channel connection about 10 in. long. About 19 ft. 
above this point it was braced forward to the truss over 
the proscenium opening by a 15-in. I-beam strut; this 
was about 19 ft. below the roof truss. 

ConpitTions aT Batcony Truss CoLumMns—The bal- 
cony truss columns were unbraced between base and cap, 
and, due to the elastic distortion of the baleony framing, 
the columns would be subjected to some shift of the top 
and consequently exposed to bending stresses. The con- 
nection of the truss shoe to the top of this column being 
formed by riveting together the flat shoe-plates and by 
a splice-plate outside, the column can be regarded as 
continuous from top of truss to base of column, or 27 ft. 
long. This column was held to the balcony by its at- 
tachment to the balcony truss, by a clip-angle connection 
to a 15-in. l-beam curb, and by a 12-in. beam to the 
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Figs. 5-8. Break AND Distortion oF TRANSVERSE 
Truss UNDER Batcony, OrpHeum THEATER 


(South column at left, has been blamed for the collapse.) 


wall just below the top.chord, with connection to longi- 
tudinal mezzanine framing. 

DEFLECTIONS OF BaLcony—The shallow balcony de- 
flected considerably. The deflection at the ends of the 


cantilevers amounted to 2 to 3 in. The baleony truss 


deflected about 1%, in. at its middle point, and was pulled 
back similar amounts (the cantilevers pivoting around 
their rear ends). 


These various motions exerted pulls 
on the baleony columns and the roof columns through 
the connection of these columns to the balcony framing. 


CAUSES OF COLLAPSE 


The various reports describe the materials and work- 
manship of the structure as excellent. The column foun- 
dations also being found in good shape when the wreck- 
pile had been explored, there remained for consideration 
only the three main failures: 


roof-columns, balcony-col- 
umns and balcony-truss. 


The conditions existing in the 
structure were such that any one of the three causes 
might have been the primary happening, and in each case 
the general result would have been about that displayed 
by the collapse. 


BUCKLING OF THE LONG Roor CoLuMNS 

Three of the consulting engineers reporting to Fleisch- 
mann Bros. Co. blame the buckling of the roof columns 
for the start of the collapse. One of the engineers singles 
out the north column (Col. 2). 

Weiskopf & Burroughs state essentially : 

Had these columns been properly supported at about the 
third-points they would not have failed, and we are of the 
opinion that good and sufficient supports could have been 
provided. Considering the fact that the lateral supports for 
the columns were connected eccentrically, we are of the opin- 
ion that these columns had very little, if any, support at 
these points. Our conclusion is that incipient fail- 
ure was due to insufficient lateral support of Cols. 1 and 2 
and that the remainder of the collapse followed as a natural 


sequence. It is, of course, impossible to conclude which col- 
umn failed first. 


L. A. Ball reports as follows: 


In my opinion this collapse was due to the faulty design 
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of the structural steelwork in not providing sufficient brac- 
ing for Cols. 1 and 2. The bracing which was provided was 
not only inadequate, but increased the tendency of these col- 
umns to buckle, and inasmuch as these columns were not 
adequately braced they were virtually unsupported from top 
to bottom and just prior to the time of the collapse had 
reached a point of incipient failure due to the dead-load in- 
tensified by the eccentric connection of the balcony fascia 
support. 


The ca-e for the failure of the roof columns is given 
most fully by R. W. Boyd, who refers specifically to the 
north column: 


At the time of collapse this column above the balcony was 
carrying a load of approximately 76 tons and was being sub- 
jected to a compressive stress cf 7140 Ib. per sq.in. The con- 
nection of the fascia girder with the column added an addi- 
tional load. Assuming the 8-in. beam at the fascia- 
girder connection as of no value as a tie or strut, as was the 
case (the beam not having been bricked into the pilaster), 
Col. 2 throughout practically its full height was free to de- 
flect in a direction perpendicular to an axis approximately 
parallel with the .5-in. I-beam at the level of the proscenium 
girder. It will be seen that the fascia girder connection and 
the connection of the 15-in. I-beam provided little, if any, 
restraining influence against deflection in a direction per- 
pendicular to this axis. The radius of gyration of the column 
section about this axis, as indicated in the sketch, was ap- 
proximately 4.58 in. Assuming the column as unsupported 
from the top of the grillage to the first rivet-hole in the 
connection for the bottom chord of roof truss, it will be noted 
that the column had a ratio l/r of approximately 156. Sec- 
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(Seen looking east, toward balcony North column, at left, is shown again on the next page.) 


tion 138 of the Building Code fixes the safe unit-stress in 
eolumns as 15,200 58 l/r. limitings the value of l/r to 120 
From the figures given above it is apparent that this column 
as constructed was beyond the limits of the Building Code 
formula. Applying the formula, however, for purposes of 
comparison only, we find that the safe stress for the column 
was 6150 lb. The actual stress (7140) exceeded this figure 
by approximately 16%. In the case of a column such as the 
one in questicn designed wich a single web and with a maxi- 
mum diameter of 124% in. and a total unsupported length of 
nearly 60 ft. and built up in three sections with riveted 
splices, I am of the opinion that even a ratio of l/r of 120 is 
excessive, and notwithstanding the provision of the Building 
Code a column under such circumstances should be designed 
on a much more conservative basis. With such a column, 
considerations such as the liability of inaccuracy of fabrica- 
tion, the danger of damage in handling, and the great diffi- 
culty in making two splices so that the axis when erected 
is a straight line and truly vertical are of much greater im- 
portance in the determination of the safe stress than a theor- 
etical column formula based on more or less ideal conditions. 
Col. 2 under the imposed load was, in my opinion, in a dan- 
gerous condition. * * * * 

An examination of the construction adjoining the columns 
and rigidly connected thereto by means of riveted joints re- 
veals a condition which in my judgment provided a consid- 
erable disturbing influence and was the immediate cause of 
failure of one of the columns * * * * Under actual load 
the ends of the side cantilevers deflected vertically about 
2% in. and moved horizontally toward the east about % in. 





s No 
The center cantilever deflected vertically about 3% 
moved horizontally toward the east % in.t This disp) 
ment of the ends of the cantilevers produced conside; 
movement in the fascia girder to which the cantilevers 
rigidly riveted. The fascia girder in turn transmitted 
movement to Cols. 1 and 2 to which it was attached }, 
nections having the form and value of lever arms. * + 

In my opinion the conditions at Cols. 1 and 2: The 
struction of the columns themselves, their high’ rati 
slenderness, the excessive unit-stresses, and the distu 
influence of the balcony cantilever, were responsible fo 
collapse of the theater, the collapse beginning with th: 
ure Se Ge &...\¢ ee 

The fascia girder forming the balcony rail in colla; 
was bent back over the overhanging portions of the cantil. 
trusses. Had the balcony hit the auditorium floor before }, 
struck by the roof it is apparent that this fascia girder w. 
have been bent in the opposite direction. It should be no: 
in addition that in all of the cantilever girders the beam pv 
tion at the outer end shows a tension break in the top ch: 
at its junction with the truss portion of the cantilever, ji: 
cating an excessive top-chord tension at some time duri 
collapse. This could easily have been caused by a sey: 
blow at the outer end of the cantilevers when the roof stru 
the balcony and could scarcely have been caused had the b 
cony struck the auditorium floor first. * * * * 


in 


v 


Chief Inspector Ludwig’s report says in part concer) 
ing this column: 
It will be noted that only one flange of the column wa 


braced, and that very inadequately. If the lower bracin 
had been in, the column would have been materially strength- 





ened. To all intents and purposes the column had an unsup 
ported length of over 60 ft., and its sectional area should 
have been determined by that length, instead of considering 
the bracing provided as effective and using the reduced 
lengths, as was apparently done. 

The least radius of gyration of the column is about 2.54 
in., and if the length be taken in round numbers at 60 ft. th: 
value of 1/r is found to be equal to 283 instead of 120 as 
permitted under the Building Code. The actual load on th: 
columns at the time of the collapse as nearly as can be esti- 
mated amounted to about 83 tons or 166,000 lb. The sectional 
area of the column is 21.22 sq.in., hence the load is 7823 Ib 
per sq.in. 

These two columns were apparently the weakest link in 
the chain, and in consequence many have concluded that to 
the crippling or buckling of these columns, the initial failuw: 
was due, While theoretically it would appear that the col- 
umns should have failed under the load, yet nevertheless 
there is serious doubt as to whether or not this happened 
An inspection of the columns after the collapse failed to 
show conclusively any such crippling or buckling as woul: 
naturally be expected. The columns are bent only at points 
of attachment of the bracing, such as it was; between thes: 
points comparatively little distortion was noted. The bends 
in the two columns are very similar. 

Of the several theories advanced, not one is conclusiv: 
or satisfies all conditions. 


+The horizontal deflection due to pivoting of the canti 
lever as a whole, as the balcony truss deflected, is evident! 
not included in these figures. It would increase the hori- 
zontal movement to more than 1 in., probably.—Editor. 
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J te of this agnostic conclusion, Mr. Ludwig says 
tart in, in drawing conclusions as to better construc- 
x type of column had been used in this instance 
° te # type, it is extremely probable that no col- 

+e juld have occurred. 


\ regard to the amount of bracing supplied both 
d at the balcony truss columns, he considers that 
nt care had not been given to providing adequate 

bra ug. He does not go into detail on this point, how- 

Earlier in the report, as quoted above, he says that 


ve 
i : opinion the roof columns should have been cal- 
cylared as if unsupported laterally between their ends. 

i) supplement the various opinions on the failure of 
the-e roof columns above stated, one consideration must 
be mentioned that bears on the question whether the roof 


or the baleony fell first. Attention has already been di- 
rected to the fact that the roof columns did not buckle 
jelween bracing, but at the braced points. This is in it- 
self peculiar, and hard to explain as a primary action. 
But in any event it means that if buckling of these col- 
umns was the first of the sequence, it must have occurred 





Fie. 11. Norra Roor Cotumn (Cor. 2) 


through the lateral yielding at one of the braced points, 
with the instantaneous development of the buckling at 
this point into complete failure. Therefore, the corre- 
sponding braced point must be found in the wreckage 
somewhere far out of line of its original location, and 
torn away from its bracing. 

Refer to the plan, Fig. 3, showing the lay of the prin- 
cipal parts of the wreckage and Fig. 4, showing the 
points of attachment of bracing to the roof columns. 
At the upper braced point the column was held by the 
proscenium strut in one direction and was free in the 
other direction. The most probable buckling is trans- 
verse to the proscenium brace and therefore the point 
where the proscenium brace is attached to the column 
should be found far over to the north or south. This is 
not the case, the point in question lying fairly well under 
its original location. If the column, however, failed in 
the east-west direction (i.e., in the line of the proscenium 
brace), this brace would be pulled far away from the 
proscenium wall or pushed’ back into it. Neither event 
happened, as the sketch fairly well indicates, in either 
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of the two columns. At the lower braced point, where the 
fascia girder was attached, failure in north-south di- 
rection (transverse to the plane of the fascia-girder at- 
tachment) would have thrown this point of the column 
very far north or south. The aspect of the wreckage 
does not suggest such action. The entire situation, in 
fact, is out of harmony with the theory of primary roof- 
column failure, while agreeing with the view that the bal- 
cony failed initially and through the attachment of its 
fascia girder to the roof columns pulled these out of line 
end brought down the roof. 


FAILURE OF BALCONY COLUMN 


T. J. Foster ( National Bridge Works) finds the ex- 
planation of the collapse in buckling of the baleony-truss 
columns (Cols. 3 and 4). As already mentioned, these 
columns were loaded to 15,000-16,000 Ib. per sq.in. Fig. 
12 shows the arrangement of one of these columns with 
respect to the balcony truss. The H-section of the col- 
umn and the weakness of the outstanding legs of the 
angles against local crippling under bending stresses is 
emphasized by Mr. Foster as well as 
the fact that the column was not 
braced except by its attachment to 
the truss, the truss being braced 
through its connection to the gen- 
eral balcony floor framing. Deflee- 
tion of the truss in its vertical plane 
and movement of the truss back 
ward through the general deflection 
of the balcony and the pivoting 
around the rear of the can- 
tilever trusses is held to have sub 
jected these columns to a bending 
and tipping action initiating fail- 
ure of the outstanding legs of the 
column angles just under the bot- 
tom chord of the baleony truss. Mr. 
Foster’s statement follows: 


The only explanation of the positienr 
of the baleony columns with respect to 
the balcoiy truss, the top chord of the 
balcony truss not being buckled, the 
excessive amount of loose concrete 
along the south side of the truss, and 
the break in the bottom chord of the 
truss showing a break by shock, is that the south 
failed first 

In looking for the cause of the failure of the south col- 
umn, we find that the column was not overloaded in direct 
compression although the load actually on it at the time of 
the failure was greater than the estimated load that was to 
come on the column. We find that the deflection of the bal- 
cony truss at its center under its figured load would be about 
% in., and under the load actually on it at the time of the 
failure this deflection was no doubt over an inch. 


column 


On account 
of the great slope of the balcony and the rigid connection of 
the cantilevers at the rear, a vertical deflection would cause 
almost the same horizontal deflection. The steel was also so 
thoroughly encased in concrete that this truss probably did 
not bow as much as if it was not incased, causing the truss 
to be pulled back for its entire length and causing an eccen- 
tric loading on the columns. 

There was no bracing of any description to prevent the 
movement of the steel to the rear. The excess loading on 
the balcony must have caused deflection. This deflection must 
have been transmitted to the columns. It could not be trans- 
mitted to the columns without the balcony truss moving 
toward the rear of the building because the cantilevers were 
rigidly connected to the columns in the rear, and the great 
slope of the balcony with no bracing allowed the deflection 
caused by the great weight to push everything back. 

That the collapse came when it did may be due in part 
to the influence of blasting. On the day of the collapse half 
a dozen or more blasts were set off in the rear part of the 
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theater, several of them late in the afternoon. The develop- 
ment of strains and deflections in the balcony structure 
would undoubtedly be hastened by the shocks of blasting. 
A resulting sudden shift would suffice to bring the balcony 
columns instantaneously to the crippling point, in view of 
their condition. 


This theory is illustrated by the right-hand sketch in 
Fig. 12, indicating probable conditions of deflection. The 
top chord of the truss was so closely associated to the 
balcony slab that, if the slab just over the column moved 
back, the top chord must have moved back with it. The 
bottom chord, however, could twist between colump and 
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Fig. 12. Batcony CoL_uMN 


nearest cantilever truss to suit the deflection curve of the 
column ; thus the end portion of the truss became warped, 
and the column was subjected to a bending moment. 

Henry W. Hodge, of the consulting firm of Boller, 
Hodge & Baird, examined the wreck with Mr. Foster, but 
did not go into calculations on the design. He also 
reached the conclusion that the balcony columns buckled 
first. 

R. W. Boyd considers this theory and concludes against 
it: 

My computation of the actual load on the column at the 
time of failure indicates that the load was approximately 198 
tons, the actual intens'ty of stress in the column being ap- 
proximately 15,900 Ib. per sq.in. While this stress is greatly 
in excess of what should be allowed in safe design I am of 
the opinion that in the absence of a disturbing influence the 
column could not have failed under this stress. The move- 
ments were so minute that they could not have raised the 
stress in the column to an extent sufficient to have caused 


failure. * * * * In my judgment primary failure did nct 
occur in either Col. 3 or 4. 

Chief Inspector Ludwig disposes of this theory with 
the following comment: 

The deflection at the center of the balcony truss was 
slightly less than 1% in., and that of the side cantilevers 
about #} in., and this latter, while undoubtedly having a 
tendency to produce a bending in the column, hardly seems 
sufficient to have caused the initial failure, especially if we 
take into consideration the weakness of the attachment of 
the bottom chord of the truss to the column. It is, of course, 
possible that the direct load on the column (365,000 Ib.) in 
conjunction with the horizontal component due to bending 
may have been sufficient, but it seems remote. 


In considering the balcony column with regard to 
length, slenderness and buckling, it is probable that the 
square seating of the truss shoe on the column, with riv- 
ets connecting them, made the entire combination a col- 





umn from grillage up to top chord. This column. 
27 ft. long, held at the bottom by its anchor bo 
at the top by its close association to the balcon 
must have failed (if at all) by direct buckling 
quiescent load, that was central except for the slig! 
west bending produced by the twist of the truss.* 
ling of a short solid-web column at 16,000-lb. ]o 
with only minor bending, is not on record, so far 
know. 


TreNSION FaILure IN BALCONY Truss 


The report of Thos. J. Bird to the Fleischmann | 
Co. states that the balcony truss failed in its ten 
chord splice, and that this caused the collapse. He ¢ 
the following reasons for his conclusion: 


1. The net area of the splice material in the bottom . 
of the transverse balcony truss is considerably greater ¢ 
the net area of the main section of the bottom chord, pro 
that the splice material must have been imperfect, or faily): 
would have occurred in the main section before it would hav. 
occurred in the splice. 

2, The cantilevers are pulled apart in the bottom chord 
back of the transverse truss, which indicates that this mem- 
ber was pulled apart by the fall of the transverse truss 
stead of by any force which might have been produced by t! 
fall of the roof striking the balcony, which case would hav: 
buckled this member instead of pulling it apart, or would 
have pulled apart the top chord instead of the bottom chord, 

3. As the end of the balcony fascia-girder and Cols. 1 
and 2 (the reof columns) lay on top of the center part of the 
balcony fascia-girder, the center part must have fallen first 
and pulled columns 1 and 2 down afterward. 


The last mentioned fact supplements the deductions 
from the form of buckling assumed by the roof columns, 
as described earlier. 

The theory of the tension-splice failure is discussed 
also by T. J. Foster and in the reports of R. W. Boyd 
and Chief Inspector Ludwig. Mr. Boyd gives the stress 
in the splice as “in excess of 22,000 Ib. per sq.in.,” ani 
then says: 

Notwithstunding the fact that the truss is badly twisted 
and that there is a break in tne tension splice in the bottom 
chord, there is every evidence that the failure of this truss 
was caused by the collapse and not by primary failure in one 
of its ‘members. A close examination of the material at the 
broken splice and of the fracture of the top chord angles 
indicates that the material did not undergo much deforma- 
tion prior to failure, as would have been the case had there 
been a critical stress long continued. There is every evi- 
dence that these breaks are the direct result of a load sud- 
denly applied, causing very large instantaneous stresses. Th. 
falling of the roof onto the balcony would provide all of the 


elements necessary for the failure of the balcony truss as it 
actually took place. 


In part, the same argument is made by Mr. Foster, 
but he brings out some further facts against the tension- 
failure explanation: 


It is practically true that an engineer as well as a layman 
takes some conspicuous point of failure and builds a defense 
about it instead of making a general analysis and then find- 
ing a cause. One of the conspicuous points is the splice in 
the lower chord of the balcony truss. The fracture of the 
steel plates at this point shows no reduction in area or 
elongation, wend shows a crystallized fracture. Throughout 
the building where breaks occurred by tension there was a 
good reduction in area, elongation and fibrous metal, while in 
ease of shock the breaks showed no reduction in area and 
the metal was crystallized. The metal in the broken parts 
of the bottom chord of the truss was examined and found to 
be medium steel. If the initial break had been at this point 
and the structure had given way due to the strain in the 
metal, there would surely have been a reduction in area, 
elongation and fibrous metal. 

Another reason for this splice not being the cause of the 


*The north-south bending due to vertical deflection of the 
truss need not be considered, because the columns failed by 
east-west bending. 
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January 


s found in the distribution of loose material resulting 


oa collapse. As can be seen from a front view, the 
enti ollapse shifted to the south. Wreckage and loose 
cont were deposited much more to the south of the center 
of t juilding than to the north of the center. We might 
disr d this as to the roof, but it is particularly true of 
the cony truss, along the south half of which the loose 
con e was piled much more densely than at any other 
port of the building, showing that the loosening con- 
cret vas guided in this direction by the sloping steel; the 
ste ould not slope toward this point unless this point went 
dow: first. The south wall showed that the truss fell to the 


gout is far as it was able, and some beams which were a 
f the gallery «nd which fe!l with it prevented the truss 


pal 

goi further to the south, these beams making very heavy 
mars in the brick wall on their way down, cutting a gash 
in t wall 2 to 4 in. deep. If the initial break of the girder 


had been in the center the balcony would have doubled in 
on itself and the two broken ends of the bottom chord would 
have been found a considerable distance apart and the top 
chord would immediately have received the balcony load and 
would have buckled badly. The top chord did not buckle, and 
the two ends of the broken bottom chord were not over 2 ft. 
apart, and ‘this is easily accounted for by the drawing back 
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tion show fairly satisfactory material in the splice, except 
in the lower flange plate. He reports on 8 samples of 
splice material as follows: 


Sample 1 Some lamination and segregation, but not more 
than is commonly met with in this grade of 
steel 

Sample 2. Good material. 


Sample 3 characteris- 


While 


Segregation and lamination, with the 
tic coarse grain of material finished hot. 


not good, the material cannot be classified as 
bad. 
Sample 4 Very low carbon Parts of it show a good deal 


of manganese sulphide and slag in thin streaks; 
same remarks as on preceding 


Sample 5. Similar 


Samples 6 and 7. While of low carbon and of fine grain 


Pe Eo ee 


ie ha 


a 


—— 


en Be ee 


Fias. 13-anp 14. Tue Batcony CoLUMNS AFTER THE COLLAPSE, SEEN LOOKING TOWARD STAGE 
(South column at left; this has been blamed for the collapse.) 


of the north cantilever because this cantilever had not yet 
reached its resting place when the south end of the truss 
was down and the buttom chord broken. 

If the lower chord had paried first it would have tended 
to pull the tops of the two columns together and to push 
them farther apart on the line of the lower chord. The north 
column showed distinctly that the lower chord pulled the 
column and there is no distorticn of this column at its top. 
The south column failed at the lower part of the truss and 
perpendicular to the line of the truss, and the flanges of the 
column at its top directly under the seat of the truss were 
buckled, also at right angles to the truss. If the truss had 
parted at the splice at the bottom chord it is inconceivable 
how the columns could have buckled in the maner described 
above. 


The Bureau of Buildings regarded the question of 
this tension failure as of sufficient importance to have 
the material of the splice investigated. Prof. Wm. Camp- 
bell, Columbia University, examined samples of the splice 
material micrographically. The results of his examina- 


must be 
confirmed 


machine. 


showed too much segregation and 
classified bad material, which is 
by marked brittleness in the testing 


Good material. 


as 


Sample 8. 

The two pieces described as brittle came from the 
lower splice-plate. The tension specimens in the test- 
ing machine showed 20,100-21,100 lb. yield-point and 
29,100-27,800 Ib. ultimate strength for the first, and 
20,500 Ib. yield-point and 23,900 ultimate for the sec- 
ond. The section at center of both was close to 0.50 
sq.in., but as both broke in the grips the actual breaking 
stress is not easily stated. They broke without percepti- 
ble elongation or ductility, and showed fine crystalline 
fracture. 

Chief Inspector Ludwig concludes against the view 
that the balcony truss failed first : 


If this fracture of the member was the cause of the col- 
lapse of the structure, the member must have failed in ten- 
















































































































































































































































































sion (a method of failure exceedingly rare) under a load a 
little in excess, if any, of 21,800 Ilb., only about one-half the 
lastic limit of the material Again, a failure of the bottom 
chord in tension would ordinarily be followed by buckling or 
cripplin® in the top chord, and by some reduction of area 
or elongation in the bottom chord, and of this, as previously 
stated, the examination showed no evidence; on the other 
hand, the fracture has every appearance of having been pro- 
duced by a sharp, quick blow, such as a heavy weight falling 
or the sudden displacement or removal of the supporting 
columns of the truss. The argument has also been ad- 
vanced that the material forming the splicing of the bottom 
chord may have been of high-carbon steel; if this were so, 
the less reason for failure, inasmuch as its tension value 
would increase while its elasticity would drop. 

The reference to hard or brittle material needs to be 
supplemented by a reference to the injurious effect of 
punching in such material. The splice-plates being 
punched in close spacing, extensive injury might result 
in the form of incipient cracking and hardening from 
the flow of material around the punch. Even steel which 
gives a good tension test may be thus injured. 

Another fact not mentioned in the abové discussions 
is the large amount of the secondary stresses which occur 
in the chords of shallow trusses. The existence of large 
secondaries is not merely inferred theoretically, but was 
proved in strain-gage tests on a New York skyscraper 
during erection several years ago. A large truss in this 
building, carrying several columns, was gaged on the 
top flange of the lower chord to measure the chord ten- 
sion as erection of the stories above proceeded (the bot- 
tom flange was not accessible). The result was that no 
tension, but at some readings a slight compression was 
found; the bending of the chord, because of its own stiff 
ness, decreased the chord tension to.zero in the upper 
flange and, consequently, doubled the tension in the 
lower flange. Such action occurring in the balcony truss 
would increase the computed splice tension of more than 
20,000 Ib. per sq.in. by a considerable amount. 


Following the clearing up of the wreckage of the Or- 
pheum Theater, the structure was rebuilt on the orig- 
inal lines, but with increased sections in trusses and ‘col. 
umns, with channels riveted over the column angles, and 
with added bracing of the columns. The original con- 
tractors built the new structure. It was completed in 
November, 1913, and is now in use. 


ca 
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Bituminous Surface Treatment 
and Dust Preventives Used 
in Philadelphia, Penn.* 

By Wittiam H. Connetu} 

During the year 1918 the Bureau of Highways of Phila- 


delphia treated 415,000 sq.yd. of waterbound macadam with 
various tars and asphalt cut-backs, at a cost of 4.9¢. to 10e. 





per sq.yd. The high cost for some of this work was due to 
several reasons (1) The work was widely scattered 
throughout the entire city and in a large number of cases 
consisted of only one or two blocks, making it very expensive 
to move the ganes and equipment from place to place. (2) 
Lack of exp ed men to ha le the wo (3) The high 
cost of tal top dressing available locality. 

The material used was a torpedo sand passing a %-in. 
sereen with not over 16% passing a No. 20 sieve, which 


$2.75 per ten delivere the road (also 
this locality). 


The labor ist for sweeping and chipping ra from 0.7c. to 


} ¢ ' 
the ft i for cl n t Dp oc} 


*Extract from a paper read at the recent Philadelphia 
convention of the American Road Builders’ Association. 


+Chief of the Bureau of Highways and Street Cleaning, 
Philadelphia, Penn. 
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3.6c. per sq.yd., and chips and gravel from 1.8e. to 


#q.yd.; bitumineus material cost from 3c. to 4.5¢. pr 
applied. The cost of each of the bituminous mate: 
as follows, per gal., applied: “Tarvia A” 8.5¢., “Ta 


jc.; “Ugite 1-C” 7c, and “Ugite No. 3” 8c.; asphait ecu 
12c. 

Realizing the importance of cleaning the macadam 
oughly befvre applying the bituminous material, both 
and machine brooms as well as scrapers were used, ca 
ing taken to remove all Gust and dirt so that the ston 
absolutely bare. After this sweeping the bituminous 
terial was applied in quantities of from 4 to % gal 
sq.yd. 

Wherever possible the road was blocked off and th 
terial allowed to penetrate for 24 hours before chippi: 
traffic conditions would not permit blocking the road fv) 
period of time, it was chipped before stopping work fo 
day. The quantity of chips applied averaged from 13 
lb. per sq.yd., depending upon the amount and charact: 
the bituminous matcrial used. 

Every effort was made to avoid creating a pad on 
macadam surface, especially on heavy grades. Where 
bituminous material was applied during the cold weath« 
was found that very little, if any, penetration was secu 
which resulted in a thin pad. Several old sections previou 
treated by tar penetration were given a light applicatior 
about’ 4 .gal. per sq.yd. of tar and then chipped, which in 
most casés has put the road in good condition and will 
doubtedly lengthen its life for a couple of years. 

The asphalt cut-back consisted of 65% of asphalt havi: 
a penetration of 140 to 160 at 77° F.; it was cut back with 
35% of commercial naphtha having a specific gravity of 53 
to 55° Baumé. This was applied in quantities of from \ to 
% gal. per sq.yd. The naphtha acted as a carrying agent 
and in most cases a penetration of about 4% in. was obtained, 
depending upon the temperature. The material was applied 
cold, and in some cases was fired immediately after th: 
application, burning out the naphtha, which resulted in an 
immediate set in the asphalt; and up to the present time th: 
results have been very satisfactory. 

The results obtained from the various tars used have been 
very satisfactory with the exception of a few sections which 
were applied late in the Fall, and which we believe contained 
too large a percentage of asphalt in the tar, causing a very 
mucky condition after each rain. 

The primary consideration pertaining to the application, 
all other conditions being satisfactory, was to avoida pad, the 
object being to waterproof the surface of the roadway and 
use just enough material for this purpose so that the sur- 
face would wear off uniformly and be in condition for a 
new application when necessary, instead of having it creep 
and pit in spots, which is often the case with a bituminous 
pad, and which is a condition very difficult to satisfactorily 
repair. The selection of the bituminous materials used in 
each case was governed by the fundamental or underlying 
principles covering this phase of the subject. 

The tar treatments were applied hot and cold under pres- 
sure, depending upon the material used. In the case of the 
materia! applied cold, about 4 to % gal. per sq.yd. was used, 
while in the case of the hot application from 4 to 4 gal. 
was used. The cost of the cold“ application of tar averaged 
6.7c. per sq.yd. while the hot application averaged 8.7c. per 
sq.yd. These costs are high, notwithstanding the high cost 
of top dressing in this locality, due to this class of work be- 
ing new to the organization performing the work. 

Other materials filsed were “Glutrin,” which was diluted 
by adding 50% of water, and applied at the rate of % gal 
of this mixture to the sq.yd.; and calcium chloride and as- 
phaltic oil, of about 18° to 21 Baumé specific gravity ap- 
plied at the rate of 4 gal. to the sq.yd. These two latter 
materials were used simply as dust layers. 

Little progress has been made in treatments designed to 
waterproof and rejuvenate old sheet asphalt and such types 
of pavements, except possibly in St. Louis, Mo. It is far from 
exaggeration to say, however, that large sums of money can 
be saved by prolonging the life of sheet asphalt and asphalt 


block pavements by suitable surface treatment. The same 
can also be said of old bituminous pavements built either 
by the penetration or mixing. method, and a great deal of 


work of this character has been done in Philadelphia this 
year. 

Considerable experimentative and research work, how- 
ever, has been carried on in connection h bituminous sur- 
face treatments on concrete threughout the country without 
entirely satisfactory results. The city of Philadelphia has 
constructed a service test road, on the Byberry and Bensalem 
Turnpike, in which several sections are surfaced in this 
manner, The first report on the test road, dated November, 
1913, is now available. 
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T tting off of the water-supply of the greater part be made evident. During the past vear we have noted 
' ity of Montreal on Dec. 25 (see a later page of in our personal columns the appointment of several en- 
this ic) illustrates anew the danger hanging over gineers to public-service commissions, the election of en- 


vy which depends upon a single water-supply con- 
mm an outside source of supply and has no or 
nract lly no reservoir storage at the city end of the con- 
duit Montreal has had numerous warnings of this dan- 
gel ng the past half-century, both through accidents 
and cngineering reports. 

ee 

The various organizations which agitate in favor of 
large national expenditures on waterway improvements 
have usually set their goal at an annual expenditure of 
$50,000,000 upon such works. It may not be generally 
realized that we are already within measurable distance 
of such an annual expenditure. The annual report of the 
Chief of Engineers just issued shows the total expendi- 
ture by the Federal government on all classes of river 
and harbor work during the fiscal year ending June 30 
last, to have been nearly $42,000,000. For the fiseal 
year ending June 30, 1915, the Chief of Engineers sub- 
mits estimates amounting to nearly the same sum. It 
is of interest, also, to compare the present annual rate of 
expenditure with the expenditure in previous years. The 
total of all appropriations by Congress for river and 
harbor work of every sort since the foundation of the 
government up to June 30 last, was under $792,000,000. 
Thus the present annual expenditure on river and har- 
bor work is about one-nineteenth as much as all that has 
been expended by the government on this class of work 
up to the present time. 

The reappointment of Rudolph P. Miller, M. Am. Soe. 
(. E., as Superintendent of Buildings of the Borough of 
Manhattan, New York City, has just been announced by 
Marcus Marks, the new President of that borough. Be- 
fore Mr. Miller’s appointment by Borough President 
McAneny four years ago, the office that he holds was a 
political plum to be awarded to the faithful and its con- 
duct bore witness of the fact. Mr. Miller’s broad ex- 
perience as a structural engineer and his inside knowl- 
dge of the department gained while its Chief Engineer 
served jointly to govern his policies and methods and 
happily resulted in an admirable administration. The 
city has been served as never before and the builders, ar- 
chitects and engineers doing business before the depart- 
ment are filled with a rare satisfaction. The reappoint- 
ment should be pleasing to all friends of good govern- 
veers. Mr. Miller’s service 


example oF the conspicuous suecess of an engineer 








nt and particularly to engi 


n office essentially engineering in raracter but cus- 


narily filled by the layman, politician or business 


The results of the activity of engineering societies, en- 
gineering periodicals and individual engineers in speak- 
ing up for the engineering profession are beginning to 


gineers as Commissioners under the new commission plan 
of city government, the selection of an engineer to be 
city manager of a large Ohio city, and now to cap the 
climax for the year 1913, we record with pleasure and 
satisfaction the election of a city council of three com- 
missioners, each and every one of whom is an engineer 
by training, experience and practice. Lethbridge in Al- 
herta, the first city in Northwestern Canada to have a 
commission-plan charter, is the fortunate municipality. 
Its charter provides for a Mayor, who is also the Commis- 
sioner of Finance and Safety, at a salary of $4000 per 
annum, a Commissioner of Public Works and a Commis- 
sioner of Publie Utilities, each at $3500 per annum. 
The first, as noted elsewhere in our personal columns, is 
a civil and mining engineer, the second a civil engineer 
and the third an electrical engineer. 


# 
‘ 


A larger degree of reason is shown in the decree in 
the Grand Rapids sewage-disposal case, handed down late 
in December, 1913, than appeared in the original de- 
cision of the State Supreme Court. In the decision the 
city was apparently required to install a septic tank; in 
the decree the city was to stop discharging its sewage 
into the Grand River “until the same shall have first 
been so deodorzed and purified as not to contain the 
foul, offensive or noxious matter (which it now contains) 
capable of injuring complainants or their property or 
causing a nuisance thereto.” In leaving to the city of 
Grand Rapids the selection of the means to be provided 
to stop the nuisance which seems to have been proven by 
“the people of Wyoming township” the court has wisely 
refrained from setting itself as an expert in sewage treat- 
ment and at the same time falling into the common pop- 
ular notion that the septic tank is the sum and substance 
of sewage treatment and the cure-all for stream pollu- 
tion. 


oe 


The Admission of Civilian Eng- 
imeers to The United States 
Engineer Corps 


Great hopes were entertained two years ago that the 
United States Enginéer Cerps might hereafter be re- 





eruited by picked students from other engineering schools 

from ine graduates of West Point he need 
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sion (a method of failure exceedingly rare) under a load a 
little in excess, if any, of 21,800 lb., only about one-half the 
clastic limit of the material. Again, a failure of the bottom 
chord in tension would ordinarily be followed by buckling or 
crippling® in the top chord, and by some reduction of area 
or elongation in the bottom chord, and of this, as previously 
stated, the examination showed no evidence; on the other 
hand, the fracture has every appearance of having been pro- 
duced by a sharp, quick blow, such as a heavy weight falling 
or the sudden displacement or removal of the supporting 
columns of the truss. The argument has also been ad- 
vanced that the material forming the splicing of the bottom 
chord may have been of high-carbon steel; if this were so, 
the less reason for failure, inasmuch as its tension value 
would increase while its elasticity would drop. 

The reference to hard or brittle material needs to be 
supplemented by a reference to the injurious effect of 
punching in such material. The splice- plates being 
pune hed in close spacing, extensive injury might vesult 
in the form of incipient cracking and hardening from 
the flow of material around the punch. Even — 
gives a good tension test may be thus in i. 

Another fact :not mentioned in the 
is the large amount of the secondary st 
in the chords of shallow trusses. The @ 
secondaries is not merely inferred theort 
proved in strain-gage tests on a New 
during erection several years ago. A lé 
building, carrying several columns, wa 
top flange of the lower chord to measuf 
sion as erection of the stories above. pre 
tom flange was not accessible). The 
tension, but at some readings a slight} 
found; the bending of the chord, becausé 
ness, decreased the chord tension to. z@ 
flange and, consequently, doubled the; 
lower flange. Such action occurring in @ 
would increase the computed splice tensi 
20,000 Ib. per sq.in. by a considerable ¢ 


























Following the clearing up of the wreé 
pheum Theater, the structure was rebul 
inal lines, but with increased sections in i 
umns, with channels riveted over the cold 
with added bracing of the columns. TH 
tractors built the new structure. It w. 
November, 1913, and is now in use. 


Bituminous Surface T 





and Dust Preventives Used @# 


in Philadelphia, Penn.* 


By Witiram H. Conner} 


During the year 1913 the Bureau of Highways of Phila- 
delphia treated 415,000 sq.yd. of waterbound macadam with 
various tars and asphalt cut-backs, at a cost of 4.9c. to 10c. 
per sq.yd. The high cost for some of this work was due to 


several reasons: (1) The work was widely’ scattered 
throughout the entire city and in a large number of cases 
consisted of only one or two blocks, making it very expensive 
to move the gangs and equipment from place to place. (2) 
Lack of experienced men to handle the work. (3) The high 
cost of suitable top dressing available in this locality. 

The material used was a torpedo sand passing a %-in. 
screen, with not over 10% passing a No. 20 sieve, which 
cost from $2.50 to $2.75 per ton delivered on the road (also 
the standard price for clean trap rock chips in this locality). 
The labor cost for sweeping and chipping ran from 0.7c. to 


*Extract from a papee read at the recent Philadelphia 
convention of the American Road Builders’ Association. 


*Chief of the Bureau of Highways and Street 
Philadelphia, Penn. & y reet Cleaning, 
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3.6c. per sq.yd., and chips and gravel from 1.8c. to 
sq.yd.; bituminous material cost from 1.3c. to 4.5c. px 
applied. The cost of each of the bituminous materi: 
as follows, per gal., applied: “Tarvia A” 8.5¢., “Ta: 
jic.; “Ugite 1-C” 7c., and “Ugite No. 3” 8c.; asphait cut 
12c. 

Realizing the importance of cleaning the macadam 
oughly befvure applying the bituminous material, both 
and machine brooms as well as scrapers were used, ca) 
ing taken to remove all Gust and dirt so that the ston, 
absolutely bare. After this sweeping the bituminous 
terial was applied in quantities of from 4 to % gal 
s8q.yd. 

Wherever possible the road was blocked off and th: 
terial allowed to penetrate for 24 hours before chippin:z 
traffic conditions would not permit blocking the road fo: 
period of time, it was chipped before stopping work fo ‘ 
day. The quantity of chips applied averaged from 13 ty) 3°: 
lb. per sq.yd., depending upon the amount and charact: f 
the bituminous matcrial used. 

Every effort was made to avoid creating a pad on : 
macadam surface, especially on heavy grades. Where the 
bituminous material wak annlied Aurine tha aatA wreanet 
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oO the organization performing the work. 
“Other materials fised were “Glutrin,” which was diluted 
by adding 50% of water, and applied at the rate of % gal. 
of this mixture to the sq.yd.; and calcium chloride and as- 
phaltic oil, of about 18° to 21° Baumé specific gravity ap- 
plied at the rate of 4% gal. to the sq.yd. These two latter 
materials were used simply as dust layers. 

Little progress has been made in treatments designed to 
waterproof and rejuvenate old sheet asphalt and such types 
of pavements, except possibly in St. Louis, Mo. It is far from 
exaggeration to say, however, that large sums of money can 
be saved by prolonging the life of sheet asphalt and asphalt 
block pavements by suitable surface treatment. The same 
can also be said of old bituminous pavements built either 
by the penetration or mixing. method, and a great deal of 
work of this character has been done in Philadelphia this 
year. 

Considerable experimentative and research work, how- 
ever, has been carried on in connection with bituminous sur- 
face treatments on concrete throughout the country without 
entirely satisfactory results. The city of Philadelphia has 
constructed * service test road, on the Byberry and Bensalem 
Turnpike, in which several sections are surfaced in this 
manner. The first report on the test road, dated November, 
1913, is now available. 
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The cutting off of the water-supply of the greater part 
of the city of Montreal on Dee. 25 (see a later page of 
this issue) illustrates anew the danger hanging over 
every city Which depends upon a single water-supply con- 
dyit icom an outside source of supply and has no or 
practically Go reservoir storage at the city end of the con- 
duit.. Montreal has had numerous warnings of this dan- 
ger during the past half-century, beth through accidents 
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al plum to be awe " its con- 
duct bore witness of the fact. Mr. Miller's broad” ex- 
perience as a structural engineer and his inside knowl- 
edge of the department gained while its Chief Engineer 
served jointly to govern his policies and methods and 
happily resulted in an admirable administration. The 
city has been served as never before and the builders, ar- 
chitects and engineers doing business before the depart- 











ment are filled with a rare satisfaction. The reappoint- 
ment should be pleasing to all friends of good govern- 
ment and particularly to engineers. Mr. Miller’s service 
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an example of the conspicuous success of an engineer 
n an office essentially engineering in character but cus- 
omarily filled by the layman, politician or’ business 
man, 


* 
The results of the activity of engineering societies, en- 
gineering periodicals and individual engineers in speak- 
ing up for the engineering profession are beginning to 
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be made evident. During the past year we have noted 
in our personal columns the appointment of several en- 
gineers to public-service commissions, the election of en- 
gineers as commissioners under the new commission plan 
of city government, the selection of an engineer to be 
city manager of a large Ohio city, and now to cap the 
climax for the year 1913, we record with pleasure and 
satisfaction the election of a city council of three com- 
missioners, each and every one of whom is an engineer 
ining, experience and practice. Lethbridge in Al- 
the first city in Northwestern Canada to have a 
ssion-plan ¢harter, is the fortunate municipality. 
irter provides for a Mayor, who is also the Commis- 
of Finance and Safety, at a salary of $4000 per 
1, a Commissioner of Public Works and a Commis- 
of Publie Utilities, each at $3500 per annum. 
rst, a8 noted elsewhere in our personal columns, is 
and mining engineer, the second a civil engineer 

ie third anu electrical engineer. 


arger degree of reason is shown in the decree in 
rand Rapids sewage-disposal case, handed down late 
cember, 1913, than appeared in the original de- 
of the State Supreme Court. In the decision the 
ras apparently required to install a septic tank; in 
ecree the ¢ity was to stop discharging its sewage 
the Gramd River “until the same shall have first 
so deoderizéed and purified as not to contain the 
ffensive or noxious matter (which it now contains) 
le of injurimg complainants or their property or 
1g a Nuisanee thereto.” In leaving to the city of 
1 Rapids the selection of the means to be provided 
p the nuisance which seems to have been proven by 
people of Wyoming township” the court has wisely 
ned from setting itself as an expert in sewage treat- 
and at the same time falling into the common pop- 
iotion that the septic tank is the sum and substance 
wage treatment and the cure-all for stream pollu- 
tion. 
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The Admission of Civilian Eng- 
ineers to The United States 
Engineer Corps 


Great hopes were entertained two years ago that the 
United States Engineer Corps might hereafter be re- 
cruited by picked students from other engineering schools 


as well as from ine graduates of West Point. The need 


of numerical additions ¢ the Corps of Engineers had 
heen repeatedly brought to the attention of Congress. By 
a law passed in 1511, twelve vacancies were ereated in the 


Corps which could be filled by appointment from civil! 


iife, and rw lve a Iditional vacancies have occurred, in ac- 
cordance with the terms of the law, in each of the two 
succeeding years. At the present time, according to the 


report of the Chief of Engineers just issued, there are 
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23 vacancies in the grade of Second Lieutenant, which 
according to the law may be filled by appointment from 
civil life. This law, however, remains practically a dead 
letter. During the year ending June 30, 1913, to quote 
from the Chief of Engineer’s report, “only one proba- 
tional second lieutenant was appointed to the Corps from 
civil life ;” and so far as we are aware, nothing whatever 
is being done toward filling these 23 vacancies with ci- 
Vilians. 

As many of our readers will recall, this law when fi- 
nally enacted was a serious disappointment to the engi- 
neering profession. When originally introduced it was 
hoped that it might open the way by which the men of 
long experience and great ability among the U. 8S. As- 
sistant Engineers might receive recognition and reward 
by appointment as commissioned officers, while at the 


“same time the government would attach them to its ser- 


vice so that their ability and experience would be per- 
manently at the government’s command. Before its final 
passage, however, the bill was emasculated so that in its 
final form it provided only a means by which recent en- 
gineering graduates might receive appointment as sec- 
ond-lieutenants. 

The above quotations from the report of the Chief of 
Engineers make it evident that the law has been further 
emasculated in its execution so that its purpose has not 
been carried out. It will be interesting to the profes- 
sion to know the reasons for this. The need for a larger 
number of officers in the Engineer Corps has been many 
times emphasized, and becomes more and more pressing 
with the constant increase in the duties which are laid 
upon the engineers who are members of this body. Con- 
gress has made provision in the law above referred to 
for the desired increase ; and while the increase is limited 
to the lowest grade, there can be no doubt that the young 
men appointed to this grade will be greatly needed in 
their country’s service five and ten and twenty years 
hence. It is unreasonable to suppose that among the 
thousands of graduates yearly turned out from our best 
engineering colleges there are none sufficiently qualified 
to be eligible for appointment to these vacancies. The 
question recurs, therefore, why for two whole years noth- 
ing whatever has been done toward filling these vacancies 
in the corps. 
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The Structural Engineer and 
the Orpheum Theater 
Failure 


Steelwork design is so precise and definite, especially 
in the case of buildings, that the story of a failure is 
rather disconcerting reading. The engineer justly feels 
certain of his data, in building matters; so that, possess- 
ing clear and direct methods of computation, and know- 
ing that the object of design is free from disturbing inci- 
dentals such as impact, he relies on the result with per- 
fect assurance. What then if a frame collapses when still 
new, or even before being put into service, like that of 
the Orpheum Theater in New York? It is necessary to 
look into the cireumstances very closely, and single out 
the elements of trouble, for future guidance. 

In the case of the Orpheum this has been done quite 
elaborately, with results as set forth at considerable 
length in this issue of ENGINEERING News. Garbled and 
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halting accounts of the matter having been ) 
elsewhere, there is the more reason for a detai 
sentment. Careful study of the facts and de 
which we reproduce can supply both beginner 
ture engineer with the groundwork of a good ed. 5; 
in structural design. To mention only one or tw. nt 
of this side of the case: The Orpheum collapse ; t 
more graphically than any previous case known to > — ; 
close inter-relation of strength and elastic nature ji) \,4 
structures, even in such as are strictly “simple | 
limited present-day meaning of this term). In ih, 
words, it shows how necessary to the structural ens). 
is the constant appreciation of strain effects in 1c 
tures (in contrast to the usually taught view th.) jy 
practical structures the distorted and initial contieira 
tions can be taken as identical, and that strain o{f4 
therefore are negligible). Also, it illustrates a weofy 
application of deflection calculations. And, for the more 
conscientious, it suggests the desirability of brushing 
up on secondary stresses, which may demand more (o- 
sideration in the future than they have received hitherto, 

Unfortunately, the investigations of the Orpheum col- 
lapse did not lead to a unanimous verdict. Three oppos- 
ing conclusions are presented. One of these centers oy 
simple buckling of a long, insecure column; while this is 
more or less commonplace, the circumstances are made 
unusual by the probability that the bracing of this co}- 
umn was the very thing that pulled it down, and that 
the column would have been safer if it had been kept 
free from bracing and made to depend on itself. 

But the other two versions of the collapse are dis- 
tinctly new, and highly important: 

If the short and stiff balcony columns failed initially, 
with but 16,000 lb. unit-load, the record of column fail- 
ures is enriched by a unique figure. Earnest consid- 
eration will have to be given to going back to ultra-con- 
servative standards of column design. 

If the bottom-chord splice of the transverse balcony 
truss tore apart, without shock, without external disturb- 
ance, just by itself, the tenets of structural engineering 
are jarred by the first distinct tension failure at a safe 
stress. And if, as is hinted by the facts, this tension 
failure is chargeable to the combination of (1) brittle 
rplicing material, perhaps hardened and haircracked }y 
punching and riveting strains, and (2) unsuspected sec- 
ondary girder-bending of a long, shallow truss, then cer- 
tain reforms of practice both in design and in shopwork 
are indicated. Th designing, shallow trusses will need 
more liberal proportioning, in default of analysis of sec- 
ondary stress. In manufacture, the quality of “minor” 
parts will have to be looked after, since these very parts 
are most in need of toughness and deformability. 

The introductory “if” of the last two paragraphs may 
as well be omitted, however. Which one of the three ex- 
planations of the collapse is the true one is immaterial, 
since the six expert statements taken together mean, in 
effect, that any one of the three primary failures could 
have happened. Apparently, three separate points of 
fatal weakness existed. This means that the reform 
measures which the three explanations severally suggest 
will all have to be considered. 

Besides inducing various sober reflections on the part 
of steel designers, the Orpheum collapse preaches a neat 
little sermon on the mischief that the over-zealous con- 
crete man can do. 
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The Increasing Use of the Day- 
L:.bor System in Construct- 
ing Public Works 


Among the many radical changes in public opinion 
and »vblie eustoms which the past quarter century has 
witnessed, one of the most important to engineers is 
the ciange which has taken place with respect to the 
conduct of public engineering works. A quarter of a 
century ago it was the rare exception to have public work 
done in any other way than by contract. At the pres- 
ent time a very considerable proportion of engineering 
construction on public works is ¢arried on by the direct 
employment of labor without the letting of other con- 
tracts than those for necessary supplies. 

The change has been most marked, probably, in the 
works carried on by the Federal government. A quarter 
of a century ago practically all of the dredging work 
done by the government in connection with river and 
harbor improvement was let to contractors. The diffi- 
culty in letting contracts for maintenance work, however, 
where the amount of work and the time involved were 
difficult to determine in advance and where there were 
difficulties also in measurement of the amount of work 
accomplished, led to the purchase and operation of 
dredges by the government engineers themselves. It was 
an easy step from this to the use of these same dredges 
on new construction work. At the present time, while 
the government still lets to contractors a large amount 
of dredging, the government itself owns and operates 
by its own forces what is probably by far the largest fleet 
of dredges under any single ownership anywhere in the 
world. 

What is most significant, however, is that this radical 
change has gone on practically without opposition. En- 
gineers have found themselves free to undertake by their 
own forces, without the letting of contracts, a great 
amount of work which twenty-five years ago they would 
have been wholly unable to execute in that way. At that 
time the river and harbor appropriations were regarded 
not merely as distributions of “pork,” to be equitably 
divided among the Congressmen from various districts 
in proportion to their log-rolling abilities, but as the 
legitimate spoil of the contractors in each district, who 
were not seldom prominent figures in local politics, with 
an influential voice in sending a man to Congress and 
keeping him there. 

Under these conditions it can readily be understood 
that an Engineer-officer who attempted to do by day’s 
work an important piece of public work, having large 
possibilities of profit, instead of letting it to contractors, 
had to fight against all the political influence that the 
Congressman from the district in which the work was 
located could exert. So while competent engineers were 
then, as at the present time, well aware of the great ad- 
vantages of doing certain classes of work by day labor in- 
stead of by letting contracts, they were in most cases 
practically powerless to carry out work in that way. 

It must be admitted, too, that the conduct of work by 
the direct employment of labor was much more difficult 
for an engineer at that time than it is today. There 
were then comparatively few engineers to be had with 
sufficient experience in handling men and materials and 
organizing and directing forces to enable work by day 
labor to be conducted with any certainty of economy. 
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A stock argument of those who opposed the day’s-work 
plan of operations was that the engineer was never a 
“practical” man. He was recognized as a sort of neces- 
sary adjunct to make surveys and to design and plan the 
theoretical part of the work; but the contractor with 
practical experience was claimed to be absoiutely essen- 
tial to transform the engineer’s theoretical ideas into 
actual economical construction. 

It may freely be admitted that there was in many 
cases a good deal of ground for this argument. A great 
change has taken place in the situation, however, during 
the past quarter century. For one thing the contractor’s 
work has been placed on a far higher plane. It is fully 
recognized nowadays that for the economical conduct 
of a contractor’s work the advice and supervision of an 
engineer are essential. At first the engineer was brought 
in as a mere assistant and adviser of the contractor, to 
help him to cope with the engineer for the owner even- 
handed; but the contractor’s engineer, if of the proper 
caliber, soon demonstrated his capacity to go far beyond 
this; and very often he became the superintendent or 
general manager for his employer, or he branched out 
into business for himself. At the present time a large 
proportion of the successful and reputable contracting 
firms are made up of engineers of ability and high stand- 
ing. 

All along down the line in a contractor’s organization 
are to be found men with more or less education and ex- 
perience in engineering work; and as they are working 
at wages for a contractor, they are equally available for 
employment on a work which is to be executed by day 
labor. The engineer at the head of a piece of work, 
therefore, who decides to perform it by days’ work has a 
much easier task in creating an organization for carrying 
it on than he had a quarter century ago. 

Meanwhile public opposition to the day’s-work plan has 
practically disappeared ; or, to express it more accurately 
the influences which twenty-five years ago were all pow- 
erful in compelling the well nigh universal use of con- 
tracts are now opposed by a very widespread public opin- 
ion which strongly favors the day’s-work plan of oper- 
ation. 

It is true that in many cases the engineer in charge 
of work has to yield to one or the other of these opposing 
forces and has not an entirely free hand as to whether 
work shall be done by contract or day labor. He is 
often, however, enabled by reason of this conflict in opin- 
ion to gain a hearing for his own views and advise as 
to which plan should be adopted in a particular case. 

We express not merely our own views but the views 
of the engineering profession at large, we believe, 
when we say that those who favor contract work and 
those who favor the day’s-work plan are each of them 
partly right and each of them partly wrong. The rule 
has many times been laid down in these columns that 
where a public work involves great elements of uncer- 
tainty which cannot be foretold in advance, so that the 
contractor who bids on it must undertake a large gamb- 
ling risk, and where the work is also of a comparatively 
simple character so that it can be carried out by such an 
engineering organization and plant as a competent engi- 
neer can bring together, it is under these conditions very 
greatly for the public interest that the work should be 
done by day labor and not by contract. 

On the other hand, the evolution of the contracting 
business during the last twenty-five years has made other 
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changes in conditions. The principal qualifications of a 
large proportion of the contractors who flourished a gen- 
eration ago was the ability to handle workmen (the hand- 
ling being not seldom by methods which would not pass 
muster at all at the present day) and the possession of 
some political pull. At the present day the typical sue- 
cessful contracting firm has first of all a thorough or- 
ganization, built up as the result of years of experience 
and able to bring efficient management to any task that 
it undertakes. In the second place it has usually a large 
investment in uptodate plant and machinery, and a force 
of men thoroughly experienced in its maintenance and 
operation. A large proportion of such contracting firms 
have specialized in some particular class of werk and 
they have accumulated a knowledge and experience that 
makes them an invaluable ally of the engineer in charge 
of such work. 

It cannot be denied that work in the hands of such a 
contractor cah be executed with an economy and effic- 
iency which is very difficult to equal in an organization 
brought together by the engineer in charge for use on 
this particular work alone. The introduction of ma- 
chinery especially has tended to make contract work 
more advantageous. The Federal government may, as 
we have noted above, operate its own large dredging 
flect because it is carrying on such work permanently 
year after year; but where a State or a City undertakes 
to do its own dredging on construction work, it would 
have to make a large investment in a dredging outfit 
which would remain on its hands when the work was 
completed. 

On maintenance work, however, there has been an 
enormous increase in the use of the day-labor system by 
Cities and States compared with the practice of a quar- 
ter century ago. An example is the maintenance of as- 
phalt pavement, which is now done by most cities with 









The Sphere not a Prismoid 


Sir—In reply to the query, “Is the sphere a pris- 
moid?”’, you say that “the sphere is enough of a prismoid 
to answer the formula’s requirement.” 

A generally accepted definition of a prismoid is a “vol- 
ume generated by a right line generatrix, moving on the 
bounding lines of two closed figures, of any shapes, 
which lie in parallel planes, as directrices.” 

What the “Century Dictionary” calls August’s formula, 
is directly applicable only to such sections of a cone and 
eylinder, for instance, as conform to this definition. In 
Exe, News, Apr. 6, 1905, p. 362, appeared an article 
“proving the applicability of the formula to a large 
variety of solids, the areas of the transverse sections of 
which are expressed by an equation of the third de- 
gree.” 

According to Trautwine “the extended application of 
the prismoidal formula (to the sphere and spherical seg- 
ments. among others) was first discovered and made 
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their own equipment where twenty-five years : 
work was let by contract. In such work as the 
and disposal of refuse also the tendency is \ 
to break away from the contract system and 
work carried on by the City itself, 

We believe the engineering profession may \ 
gratulate itself that the change in public op 
favor of the day’s-work system of conducting 
works is in itself an evidence of the greater es 
which the public holds the engineer. Every su 
engineering work which is carried out by engi: 
this manner, without the intervention of cont 
tends to increase this public confidence and ra 
engineering profession in public esteem. 

It would be difficult to over-estimate the value 
matter of the work on the Panama Canal M 
our readers can recall the brisk controversy) 
raged half a dozen years ago over the question of 
letting the werk to contract. The newspapers 
filled with declarations that only by putting 
work in the hands of experienced contractors could 
accomplished in a reasonable time and at a reaso: 
cost. It was the opinion of many that the strong pre- 
to turn the work over to contractors could not poss 
be overcome. It is probable, indeed, that the work \ 
have been let to contractors except for the great diffi 
in drafting any form of contract that would not o 
face present an enormous fortune to the contracting {rin 

The magnificent efficiency with which the work 
been conducted by Col. Goethals and his able staf 
been the greatest object lesson the United States |ias 
ever had as to the possibility of carrying on public \ 
in the best and most economical manner without 
resort to contractors. It would be difficult to ove: 
mate the value of this lesson both to the public and to 
the engineering profession. 





known, by Ellwood Morris, a civil engineer, of Philade! 
phia, in 1840,” 

The general demonstration given in the article on 
Mensuration, in the “Encyclopedia Britannica,” show- 
this type of formula applicable to the sphere, ellipsoid, 
ete., not because their “forms approach the form of a 


prism,” for obviously such solids of revolution are not in- 
cluded in the above definition of a prismoid, but because 
“the area of every cross-section parallel to these planes is 
a quadratic function of the distance of the section from a 
fixed plane parallel to them,” including the prismoid as 
a special case. 

For, “the sphere, for instance, whose radius is R, the 
area of the section at distance x from the center is 
nm (R? — x*), which is a quadratic function of x.” The 
areas are, therefore, O, + R*, and O and the volume 


xX 2RX 4eRt = */,e RP 


R. H. M. 
Medina, N. Y., Dec. 13, 1913. 
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C oncrete Mixing on the Lake 
Spaulding Dam 


I note the editorial in your issue of Dee. 4, 1913, 
on should Concrete Be Mixed Longer Than Is Now 


(or mon,” and agree with you that not enough attention 
is oven this part of the work. 

(in the Lake Spaulding Dam, which is evidently the 
ep ifie job referred to in the editorial, the 2150 cu.yd. 
wa. not run in 8 hr. as you quote, but in 10 hr. Fur- 


thermore, the concrete Was run in chutes several hundred 
fect and dropped nearly 150 ft. in baffles in towers, which 


\ materially improves the mix. We made tests ‘of 
time of mixing and proved that about 114%4 to 2 min. is 
required where there is no subsequent drop through baf- 


fles, and a batch in 2 min. was the usual run where the 
concrete did not get subsequent mixing by dropping 
through baffles. Two minutes was used as the standard 
mixing time to give good results on the work. 

The time required to mix concrete depends some on 
the material, whether gravel or crushed rock, and also 
on the amount of cement; the more cement the more 
time is needed to mix*the concrete and the more time 
we can afford to give to mixing. 


‘ 
l 
| 


F. G,. Baum, 
Chief Engineer, Hydro-Electric Dept., Pacific Gas & 
Kleetric Co. 
San Francisco, Calif., Dee. 7, 1913. 
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The Need of an Engineering Ex- 
amination to Determine 
Clear Titles to Land 


Sir—A prudent man, when buying real estate, requires 
assurance that the title he is to acquire is clear. To this 
end he employs a lawyer who carefully searches the rec- 
ords to ascertain whether each successive purchaser of 
the property has duly sold the same, and that no mort- 
gages or attachments are on record against it. Finding 
such requirements satisfactorily answered, the lawyer 
usually vouches for the title; but one of the most dan- 
gerous defects in the title can only be detected by an en- 
gineer or a surveyor, and that is an error in the descrip- 
tion, copied through successive deeds, or an encroach- 
men; by an adjoining owner whose deed may read as 
clear as that of the attorney’s client. A few instances 
have recently come to my knowledge which forcibly illus- 
trate the nece*sity of joint examinations by lawyer and 
engineer to fully assure the purchaser of safety in his 
investment. 

A city banker bought about 20 acres for a country 
home, after a thorough title examination by a leading 
attorney. THis land bounded on the principal street and 
on the town line, and behind him, also bounding on the 
town line, another party owned to a railroad. The com- 
bined distances called for in the two deeds, along the 
town line, from street to railroad, exceeded the actual 
(listance by about 150 ft. or, in other words, the two par- 
cels overlapped by that much, and about 10% of the 
banker’s purchase had a serious cloud on its title. There 
was no way for the lawyer to discover this situation from 
the records, and the writer became aware of the discrep- 
ancy while supervising the preparation of plans for the 
town assessors. 
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Another instance in the city of Boston: a narrow 
tract of land was laid out in house lots In IS8S82: on 
street extended the length of the parcel and the surveyor 
made an error of several feet in the length of it, so that 
the plan did not match the ground. Later, certain pur 
chasers of lots at one end carried a dispute as to bound 
into court. A decree resulted by which the length of the 
first two lots Was increased by more than eight feet: but 
no decision was made as to who should suffer the cor 
responding loss. No comment is made on the wisdom of 
the court’s decision, but the situation now is that a num 
ber of lots have been, and are being, sold by reference 
to a plan which was wrong in the first place, and which 
has since been so mangled by the court that no one can 
tell what it means. The writer, being asked by a per 
sonal friend residing on the street, for advice regard- 
ing his bounds, discovered the above conditions by an 
ordinary investigation; but the friend’s lawyer, finding 
a succession of deeds reading alike, and the plan referred 
to on the records, with no mortgages, liens, or attach- 
ments, and taxes paid, reported the title clear. 

In some parts of rural New England, the writer has 
observed a custom of having lands surveyed when pass 
ing title. This being usnally done in the presence of 
adjoining owners, amounts to a pretty thorough engi 
neer’s examination, and shows the plea, advanced heretn, 
Is not a radical innovation. 

2. Fri D, a Woop. 

57 Westbourne Terrace, Brookline, Mass., 

Dec. 15, 1913. 
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Comparative Cost of Public ard 
Private Irrigation Projects 


Sir—In Enainerrina News of Aug. 21, appeared a 
long article and several tables under the signature of 
John E. Field, State Engineer of Colorado, on the Cost 
of Reclamation Service and Other Irrigation Projects. 
From voluminous allegations and tabulations, Mr. Field 
finally evolves his essential conclusion that “The original 
cost of private enterprises is about one-half that of Gov 
ernment enterprises.” 

By this, as shown by the context, Mr. Field means 
that the Reclamation Service as conducted requires twice 
as much money to do a given amount of work, as exactly 
the same work would cost if carried out by private en 
terprise. Tle claims to know this from personal exper 
ience and makes numerous statements of alleged fact 
to explain his conclusion, This is a very severe arraign 
ment and, if true, would be sufficient to condemn the ski!! 
and ability of those responsible for the Government work 

Proceeding from a State official with experience both 
in private and public work, these statements are being 
given great weight by the Eastern press, and many 
clippings come to my desk quoting his conclusions and 
using them to condemn not only Government irrigation 
work but all public construction and management of 
public works. It seems necessary, therefore, to request 
space for a reply, pointing out some of Mr. Field’s funda 
mental errors. 

A typical illustration in the statement in this ar 
ticle that “the water-supply is questionable on the 
Milk River, Sun River and Shoshone projects,” of the 
Reclamation Service, and he concludes from this that the 
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acreage on these projects will have to be reduced and 
the price increased. 


The Sun River and Milk River projects were of in- 
definite extent at the time of the Army Board report and 
the acreage of ultimate development remained to be fixed 
according to the water-supply, which could be done with- 
out seriously affecting the cost and will be done when 
necessary in the light of water-supply records available 
at that time. <A recognition of this fact by the Army 


Board, Mr. Field makes the basis for a condemnation of 


the water-supply. 


In Table 3, he prints as a quotation from the Army 
Board report concerning the Shoshone project—‘area 
may be largely reduced account water-supply.” The 
Army Board made no such: comment. Its “summary” 
on p. 154 of the printed report says: 

3. The water supply is sufficient for the whole project. 


On p. 197, paragraph 9, the Board says of this proj- 


ect: 


Even asuming all prior rights to be perfected it is found 
that there will be sufficient water supply for this project. 


In Table 1,,Mr. Field has listed a number of ‘private 
irrigation projects and given what purport to be the 
costs. I have not had opportunity to check this table in 
detail, but some points show with glaring distinctness. 
For example, he condemns as too high the price of $45 
tentatively given by the Reclamation Service for the 
Greeley Poudre district. This includes what is known 
as the Laramie Poudre district and I am reliably in- 
formed that the present issue of bonds is $5,106,000; that 
the bonds not sold are held as a bonus by the promoters, 
and that no water has as yet been delivered to the lands. 
One of the past officers of the company states that it 
would take at least $3,000,000 to complete the project. 
The company has been unable to sell the additional bonds 
and the project seems to be abandoned. The final cost 
will probably exceed $60 per acre, if it is ever com- 


pleted. 


He also criticizes the $45 tentatively given for the 
Denver Reservoir and Irrigation Co. I have not hadyop- 
portunity to investigate this closely but it is understood 
that $8,000,000 of bonds have been issued and the proj- 


ect is not completed. 


The latest reports state that the 


company is in the hands of a receiver and there are many 
unpaid bills. On the basis of the present bond issue, as 
reported to me, and the acreage given by Mr. Field, the 
cost per acre would be more than three times that given 
in his table, and the project is not nearly complete. It 
is also reported that the contracts made by this company 
call for but five-eighths of an acre-foot of water per 
acre, which is less than half of a supply. 

Hie has omitted entirely the cost of maintaining and 
operating many of the canals listed, including the canal 
of the Orchard Mesa Irrigation District. As this canal 
was built by the firm of which Mr. Field was a mem- 
ber, he is, of course, familiar with it, yet he understates 
the construction cost, and omits the cost of operation 


and maintenance. 


This canal contains over four miles of wooden flume 
on a sidehill, which has caused great expense for main- 
tenance. The County Treasurer’s office at Grand*Junc- 
tion shows bonds issued to the amount of $1,075,000, 
and additional warrants to make up an excess construc- 
tion cost of $254,480. The County Assessor’s office gives 


the area assessable at 8670 acres, showing a cost for con- 
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struction of $153.34 per acre, instead of $90 or ) ag 
shown by Mr. Field’s table. The operation an \er 
current expenses for the year 1914 have been es: to) 
by the Board of Directors as $22,000, or over $2 

acre. In addition to this, it is reported that the: ist 


be paid next year $64,500 interest on the bonded t- | 
edness and there is also a deficit for past years « 
000, which will have to be made up. These thre: ) 
will make a total levy for 1914 of nearly $12 }x 
without paying anything on the bonded indebted: -<, 
Mr. Field omits entirely all figures of cost fv) 4) 
Colorado Coéperative Company and explains this 
note by a statement that the building of the dit 


« 


a “secondary” matter and that the present secretary, of 
the company cannot give an estimate of the cost, })y 
gives the present value at $33 per share covering two 
acres. I have before me the financial statement made 
by the company for last year, which shows that the ditch 


is carried among the assets at a valuation of $319,466.54, 
constituting about 95% of the assets and amountine to 
more than the total capital stock of the company. This 
hardly looks like a “secondary” operation and the figures 
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carried in the assets are doubtless the cost as shown by 
the books. If so, it makes an acreage cost of over $69. 

The writer has not had opportunity nor would it be 
profitable to go further into the looseness of Mr. Fiel«’s 
figures and the inaccuracy of his statements, but enough 
has been cited to show that by such a method it is possible 
to reach any desired conclusions from an array of com- 
plicated facts. 

Mr. Field not only wrongfully states that certain Rec- 
lamation projects have a short water-supply, but he en- 
tirely ignores this question with reference to private proj- 
ects. One irrigation engineer, well informed on the 
subject and now a business partner of Mr. Field, once 
stated that there was hardly. an irrigation project in 
Colorado that had not sold water rights far beyond its 
ability to deliver water. It is common knowledge that 
adjudicated rights to the waters of the Arkansas and 
South Platte Rivers held by existing ditches amount to 
many times the available water-supply; in the case of 
the Arkansas, probably more than ten times. It is likely, 
therefore, that many of these private projects, which he 
has listed as being cheap, have a short water-supply. On 
this point Mr. Field is silent. 

The Reclamation Service builds its lateral system to 
the vicinity of each farm unit, leaving but little, if any. 
construction for the irrigator, except upon his own land. 
In addition to this, on many of the projects the price 
quoted by Mr. Field includes extensive drainage works 
which are seldom, if ever, constructed by private com- 
panies. Mr. Field makes no allowance for these ex- 
penses, although to be fair he would have made such al- 
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jowa vs at three separate places in his article; first, 
wher comparison is made of cost ; second, where he com- 
pare: the advantages to the settlers on different classes 
of ) jects, and third, where he undertakes to discuss 
“Ca. -es of High Cost of Government Projects.” Mr. 
Fie). says on p. 352: 

s the writer's opinion that the Government has thor- 
oug>iy spoiled the water users by its paternalism and as- 
su! ion of the burdens properly belonging to the users, who 
cou maintain and operate their lateral ditches, at least, 
pot! cheaper and more satisfactorily to themselves than can 
the Government. 

Mr. Field is very solicitous lest some of the public 
projects may not return their entire cost and, regardless 
of the facts, takes the responsibility of increasing the es- 
timated cost on a number of public projects for this rea- 
son. It is notorious that the majority of recent private 
and corporate irrigation projects have been financial dis- 
asters to the investors; but he makes no increase in his 
figures for this reason. 

It can hardly be doubted that had Mr. Field applied 
the same rigid rules of water-supply and return of cost 
to private projects that he has applied to public, and had 
made due allowance for the better character of work, 
the more complete construction of lateral systems and 
drainage works and had confined his statements to the 
facts concerning projects built within the last ten years, 
as the Reclamation projects have been built, he would 
have found a higher average cost per acre for private 
than for public projects. 

It is not claimed, however, that this proves or even in- 
dicates that work cannot be done as cheaply or as well 
by private enterprise as it can by public. Each method 
has some minor advantages and some minor disadvan- 
tages and fair comparison can be made only of cases 
which are exactly similar in physical difficulty; toward 
this Mr. Field has made no attempt. 

During the early history of irrigation, farmers and 
groups of farmers, naturally confined their efforts mainly 
to diverting small streams in smooth valleys where the 
slope of the country and the topography were such as to 
make the work easy and cheap. With the values of land 
then existing, no expensive development was practicable. 
Such development, proceeding for nearly half a century, 
irrigated in the aggregate a very large area of land. The 
farmers employed the cheapest class of construction and 
seldom counted their own time in computing costs, which 
are hence reported very low, and these appear in the 
census averages quoted by Mr. Field, in comparing un- 
fairly the cost of private work with the difficult work 
later carried out by the Government. 

As land values increased and the easier projects were 
developed, more and more difficult ones were taken up, 
sometimes successfully and sometimes not. As the more 
difficult problems were attacked, corporate capital and 
the district system were employed and such projects as 
they could handle were gradually developed. The in- 
herent difficulties, however, did not admit of much profit 
to the investor. In fact, in the majority of cases the in- 
vestors lost a large part of their capital, to say nothing of 
interest and profits. 

This experience made it more and more difficult to en- 
list private capital in further irrigation enterprises and 
the increasing difficulty of carrying out many large proj- 
ects led to the passage of the Reclamation act for the 
avowed and widely heralded object of enlisting national 
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funds for the development of projects not feasible for 
private, corporate, district, or State enterprise. This 
policy, avowed in Congress and announced over and over 
again by President Roosevelt in public talks, was fol- 
lowed by the Reclamation Service. 

Many of the projects undertaken by the Reclamation 
Service had been outlined by private or local public in- 
terests, who had endeavored for years to enlist private 
capital in their construction. To this class belong the 
following projects, since taken up by the Reclamation 
Service: 

Boise project in Idaho. 

Minidoka project in Idaho. 

Sun River project in Montana. 

North Platte project in Nebraska and Wyoming. 

Truckee-Carson project in Nevada. 

Rio Grande project in New Mexico and Texas. 

Yakima project in Washington. 

The Yuma project in Arizona and California was the 
successor of several unavailing attempts to place portions 
of the same land under successful irrigation. The Gun 
nison tunnel scheme, Colorado, had been agitated for 
many years and efforts failed to raise private capital. 
Attempts were made to have it constructed with State 
funds, but without success. 

Shortly after the passage of the Reclamation act, pre- 
liminary surveys were taken up on the Grand River 
project in Colorado. The data collected were considered 
by the Board of Engineers, who recommended the proj- 
ect as promising and requested further surveys and data. 
Representations were made, however, that this project 
could be built by private capital or under the district 
plan and for this reason the Reclamation Service sus- 
pended operation and withdrew from the Valley for 
the announced purpose of permitting its construction by 
private capital. At the request of interested parties the 
Reclamation withdrawals of public land were continued 
for the purpose of holding these available for reclama- 
tion, with the understanding that they would be re- 
leased in case private capital were enlisted in construc- 
tion. After five years of effort the citizens of the Valley 
petitioned Secretary Garfield to take up the project as a 
Reclamation Service project, representing that private 
capital could not be induced to enter the field. 

In the meantime, an irrigation district had accom- 
plished some partial development by which a small por- 
tion of the best land situated nearest the water-supply 
had been brought under irrigation and the project ren- 
dered far more difficult by the elimination of some of the 
most valuable lands and the increased value of the right- 
of-way necessary for the canal. Even with these in- 
creased difficulties, the project was taken up by the Re- 
clamation Service about a year ago and is now under 
construction. 

Shortly after the passage of the Reclamation act, a 
very attractive project for irrigating the Billings Bench, 
Montana, was presented to Director Walcott and Chief 
Engineer Newell, with an urgent request that they con- 
struct this and they were shown over the country for that 
purpose. The reply was that this was obviously a proj- 
ect so attractive that there would be no difficulty in con- 
structing it under the provisions of the Carey act with 
private capital and that it did not come within the pur- 
poses of the Reclamation act and could not be considered. 
The project was actually constructed by private capi- 
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tal and is one of the most successful Carey act projects 
in the State. 

The Fort Custer project on Big Horn River has a sim- 
ilar history, as have many other projects. 

The Government early made surveys on the Sun River 
project in Montana and this was one to which attention 
was turned soon after the passage of the Reclamation 
act. It was represented, however, by State officials that 
this project could be built by private capital under the 
Carey act and they preferred the public funds to be de- 
voted to other regions such as the Milk River-St. Mary 
project, less attractive to private enterprise. The Reclam- 
ation Service accordingly withdrew from the field. After 
protracted efforts to finance this project under the Carey 
act, the Reclamation Service was informed that it was 
impossible to secure capital for this construction and was 
requested to construct it as a Reclamation project. Al- 
though in the meantime the cost of construction had 
greatly increased, the project was taken up and is under 
construction, about 16,000 acres being now under ditch. 

Nearly all of the projects undertaken by the Recla- 
mation Service had been abandoned after unsuccessful 
attempts to finance them as private projects, or else were 
new projects so difficult as not to attract even the at- 
tempts of the promoter. All, therefore, were projects 
unattractive to private capital. 

Manifestly, all those projects actually constructed by 
private enterprise are from the nature of the case of a 
character that could attract and secure private capital. 
If Mr, Field had been able to prove fairly that Reclama- 
tion projects have cost more than private projects con- 
structed at the same time, he would simply have proved 
the truism that projects attractive to private capital are 
cheaper than those which are not. 

In practically every case above listed, where extended 
efforts have been made to enlist private capital, the proj- 
ect finally outlined by the Reclamation Service is more 
comprehensive than that proposed by private capital; 
and here rests one of the chief causes of the alleged high 
cost of Government projects, and the chief justification 
for the use of public money for this purpose. In many 
cases, a Choice portion of a large feasible development is 
carried out by private capital because it affords greater 
promise of profits than if consideration were given to 
the largest feasible development of the available water- 
supply. 

These controlling facts, well known but often forgot- 
ten by the general public, but still better known to any- 
one who has served in the Reclamation Service, have 
heen entirely ignored by Mr. Field in his article criti- 
cizing his former associates. THe has preferred to ac- 
count for alleged high costs by charging “unnecessary 
finishing, polishing and sandpapering” and the tendeney 
to build monuments rather than structures of necessary 
scope, 

The only place where I ever heard contractors ser- 
iously complain of being required to do unnecessary pol- 
ishing and sandpapering was on the North Platte proj- 
ect while it was in charge of Mr. Field. In fairness to 
him I will say that this policy was corrected while he 
was still in charge by the insertion in specifications of 
the following clause: 


55. Finishing All laterals may be finished with a Mor- 
mon scraper, provided that the finishing is done In a work- 
manlike manner and that the bottom and side slopes are even 
and regular, suitable for the passage of water. 
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The only structure T know of that can fairly be poi, 

out as being unnecessarily “monumental” in char; 
is the Spring Cafion Flums, built under Mr. Field’s 
pervision, with the approval of the consulting engin. 
a view of which is given herewith. T have long rega 
this as the most beautiful structure built for irrig, 
purposes in the United States. Its grace and maj 
of design may have made it cost a little more tha 
otherwise would, but certainly not enough to justify 
serious criticism. 

The one factor of the list given by Mr. Field that 
tually does tend to increase the price of public ove: 
vate construction is the 8-hour law, by which Gov 
ment officials and contractors on Government work 
prohibited from working laborers more than eight ho 
in any one day. This increases the cost of public wo 
perhaps 20% ; but this is not inherent in public work 
such and could be remedied by the repeal of the 8-ly 
law. 

There are also some advantages inhering in pul 
work, the chief of which is the superior credit of 1 
United States and the superior stability of its instity 
tions, enabling it to secure low prices on purchases ani! to 
employ a given grade of talent cheaper than can be don 
hy private enterprise. 

It is often stated that the character of construction 
performed by the Government is more permanent and 
substantial than work for similar purposes constructed 
by private capital. A striking illustration of the con- 
trast may be found on opposite banks of Grand River 
Colorado, above the town of Palisade, where the lett 
bank shows a cheap wooden flume built by a private ir- 
rigation company, which will have to be renewed in a few 
years, while the right bank shows the construction of a 
series of concrete-lined tunnels by the Reclamation Ser- 
vice to meet similar conditions. 

Artuur P. Davis. 

Washington, D. C., Nov. 14, 1913. 
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The Economy of Large Blast Holes in quarry blasting is 
generally recognized. A recent example of this as regards 
trap rock is afforded by the Eagle Rock Quarry Co.,, at Hust 
Orange, N. J. According to information furnished us, the rock 
is not only extremely hard, but is usually full of crevices 
and as small drills tend to follow these crevices, the work 
with such drills is slow and costly. The average height of 
the quarry face is 100 ft., and the length of ledge is 1500 ft 
When the drilling was done with tripod drills and the stone 
brought down in benches, the cost of production was very 
high, the face of the quarry was rough, and the plant could 
not be operated to its full capacity. A Cyclone drill was in- 
stalled, drilling 5%-in. holes to the full depth of the face 
Several shots have been fired and in this part of the quarry 
the face has been squared up and such a large quantity of 
stone produced as to make it possible to operate the crusher 
to its full capacity. 

The following is the cost for a four-hole shot recently 
made: 


te ae | ee eee ee ee paket eee ae . $335 
1600 Ib. explosive ..... io: ah eRe oe ee ewe Tettnrelae! weo 
DOCOTUOEM Ga POM i 5 6.5.5 s0 be Ne RE BIN eee wa ged ve nee 15 

TERT ORO tsk eee ae Be ea eee Eee a eee se R550 
Amount of stone dislodged OCTET Pe CEECET TES 15,337 ton 
Total drilling and shooting, cost per ton.....-eeeeees 3.58¢ 


Of the 15,337 tons, 6000 tons were so finely broken that 
the stone was loaded directly on the cars, without having to 
be run threug? the crusher. After the full length of the face 
has been shot by this method, a still greater reduction in cost 
will be effected, as the holes can be spaced to better ad- 
vantage, for the projecting toe at the bottom of the ledge wil! 
not have to be taken care of, as is the case at the present 
time. In many places where the big holes have been put in, 
this toe has extended from 25 to 30 ft. further out than the 
face at the top. In spite of this unfavorable condition, the 
bottom stone was broken in good shape for hauling. 














A Proposed New Building Code 
for Hartford, Conn. 


new building code for the city of Hartford, Conn., 

\ introduced Dee. 20, 1915, into the Court of Com- 
» » Council. It was ordered printed and is now under 
leration for approval as law. The code was pre- 
by a special Commission, serving without pay, con- 
w of an architect, three experienced builders, an 
» -trieal contractor, the present Building Inspector, 
a) attorney-at-law and a business man. Ford, Buck & 
S.eldon, Ine., Consulting Engineers, of Hartford, pre- 
ed the tentative code for discussion before the Com- 


mission and acted as advisory engineers during that dis- 
cussion. 

The present Building Code of the city is antique and 
incomplete. It contains no information on the bearing 
power of soils, concrete or wooden piles, skeleton-steel 
construction, reinforced concrete or strength of mater- 
ial. It provides a Building Inspector, at $2500 per 
vear, Who shall be a competent person in the construction 
of brick and wooden buildings. He is appointed by the 
Mayor, with the approval of the Court of Common Coun- 
cil to serve two years, 

The proposed new code is much more complete and 
uptodate. It creates an entirely new department called 
the Department of Building Inspection, which is to in- 
clude the inspection of building construction, electrical 
and plumbing work, the plumbing having been hitherto 
under the direction of the Board of Health. The new 
Code provides for a Board of Commissioners of the De- 
partment of Building Inspection composed of five mem- 
bers, viz.; one architect, one general building contractor, 
one consulting structural engineer, one electrical con- 
tractor or electrical engineer, one plumbing contractor 
or sanitary engineer. Kach member of the commission 
must have a high standing in his profession or business 
and have had not less than ten years’ experience therein. 
The members of the Commission are to be appointed by 
the Mayor subject to confirmation by the Court of Com- 
mon Council. The appointments are to be first made for 
the terms of 1, 2, 3, 4 and 5 years, respectively, so that 
the term of one member expires each year. Subsequent 
appointments are to be for the term of five years. No 
compensation for this Commission is stated. 

The direct administration of the office is to be in the 
hands of a Supervisor of Buildings, who is also to act 
as Chief Building Inspector. He is to be an experienced 
architect, structural engineer or general building con- 
tractor and shall be appointed for a term of five years by 
the Board of Commissioners, after an examination. He 
is to receive $4000 per year. The Board of Commission 
ers is also to hold examinations for the appointment of 
all members of the Department of Building Inspection 
whose compensation amounts to. more than $1200 per 
year. Those taking examinations for the office of Su- 
pervisor will be examined as to knowledge of the Build- 
ing Code and its practical application, experience, and 
general fitness. It is provided that the principal assist- 
ants of the Supervisor shall be required to pass exami- 
nations but the Supervisor is not restricted by heing com- 
pelled to accept any particular man as his assistant, pro- 
vided that two or three candidates for any one examina- 
tion pass, as in that event he can choose his assistant from 
any of the three passing the highest examinations. 
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It is believed that if passed the new Code will free the 
office of the Department of Building Inspection from pol 
itics as it will no longer be a political plum. By increas- 
ing the term of office of the Chief Building Inspector 
from two to five years the city should derive some benetit 
after a man becomes acquainted with the particular du 
ties of the office. Under present methods a man has 
little more than time to learn what is expected of him in 
oflice, before it is time for his successor to be chosen. 
The Board of Commissioners has the power to remove, 
for cause, any of the appointees to oflice in the Depart 
ment of Building Inspection. The Board of Commis 
sioners is also made a Board of Appeals and has the 
power to vary the provisions of the Building Code pro 
vided four members of the Board concur in the decision 
Any member of the board may veto any proposed amend 
ment or revision of that part of the code coming under 
his particular field of experience, 

The new Code requires drawings and specifications 
submitted for all structures except for “ordinary 1 
pairs.” It also provides that the Supervisor may, at hi- 
discretion, require calculations to be submitted, to li 
made by a competent engineer, and provision is mad 
for filing of plans for three months after completion of 
work, 

The section on concrete and reinforced conerete is ver) 
complete and in accordance with the latest and best prac 
tice. It requires that an inspector on all reinforced 
concrete buildings be émployed by the owner, and report 
daily to the Supervisor. It also allows the use of rerolled 
rails, after proper test. 

The area of the fire limits of the city has been greatl, 
increased. Considerable attention has been devoted to 
making buildings more fireproof up to limits which will 
not result in uneconomical and costly construction. The 
new Code stipulates that all buildings five stories or mor 
in height must be of slow burning or fireproof construc 
tion and the Code goes into considerable detail as to fire 
proofing. It does not allow cinder concrete. 

The section of plumbing contains a new requirement 
in providing for filing of plans and specifications for of 
ficial approval. The section covering electrical wiring 
is entirely new, there being no code at present. One of 
its important requirements is that limiting construction 
of installations in the fire limits to steel conduit, armor 
moldings and knob-and-tube work as at present allowed 
The latter forms of construction mentioned are also elim 


cable with metal moldings, eliminating open wiring, wood 


inated from al] churches, schools and theaters, and stables 
everywhere in the city. By combining the office of 
plumbing and electrical inspection under the Department 
of Building Supervision greater efficiency in all three 
departments is obtained, as there are many things which 
a member of any one department can cover and report 
upon even though not at present within his present juris- 
diction. 

Under the present ordinance, with the plumbing 
department separate, excavations can and have been 
made under foundations after the Department of Build- 
ing Inspection has entirely completed its work; under 
the new Code this danger of undermining structures is 
obviated. The new Code requires that the Department 
of Building Supervision be notified 24 hr. in advance 
of placing any foundations thereby enabling the Depart- 
ment to pass upon the bearing capacity of the soil. 
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Eliminating 4% Grades on the 
Main Line of the Denver @ 
Rio Grande R. R. 


Grades of 4% on main lines of railways are exceptional 
even in mountain districts but have existed until recently 
on heavy-grade sections of the transcontinental routes of 
the Denver & Rio Grande R.R. and the Canadian Pa- 
cific Ry. On the former road a 7-mile grade of 4% has 
been reduced to 2% by a loop development increasing 
the distance to 11144 miles between the top and bottom 
of the grade. The similar work on the latter line was 
described in ENGinEERING News of Nov. 10, 1910, and 
was of a more costly character, including spiral tunnels 
on the loops of the developed line. There the grade was 
3.5 to 4.5% for 4 miles and was reduced to 2.2% by giv- 
ing a developed length of 8.2 miles. 

That portion of the Denver & Rio Grande R.R. con- 
stituting the through route between Denver and Ogden 


Old Line, 4% 


Lv Lire, 2O0——— 


Proposed, 2.240 ssw" **r+ 
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are similar in the fact that their passes are ap): 
from the east on very much lighter grades than | 
scent on the west. For example, the maximum 
ascending from the east toward Tennessee Pass jy) 
rado are 1.42%, while the descending grades on th 
ern slope are 3% maximum. The ascending grade 
the east to Soldier Summit, in the Wasatch Mow, 
are 2.4%, while the maximum descending grades 
were 4% until the recent improvements were carrie: 

On account of the growth of traffic, the line het 
Soldier Summit and Tucker was made double-tra: 
1900, and from time to time thereafter the second 1 
has been extended at various critical points, so that 1 
is now continuous double track through the Was: 
Mountains from Helper to Thistle, 50 miles. 

At various times surveys have been made with a viow 
to eliminating the 4% grades between Soldier Summit 
and Tucker. But the physical characteristics of this 
portion of the Wasatch Range, and the topography of thc 





O_Lp AND New Location or THE DENVER & Rio GRANDE R.R., ar Sotpter Summit, Coo. 


(Old line, 4% grade, 7 miles. 


crosses two district mountain ranges, one in Colorado 
‘nd the other in Utah. The mountain pass in Colorado 
es in the main range of the Rocky Mountains and con- 
stitutes the continental divide. The range. in Utah, 
know as the Wasatch Mountains, and intersected by the 
railway at Soldier Summit, constitutes the easterly rim 
of the Great Basin. 

Prior to 1890, the Denver & Rio Grande portion of 
the transcontinental route was operated from Denver to 
Ogden as a narrow-gage line, crossing the Rocky Moun- 
tains at Marshall Pass, thence following the Gunnison 
River to its junction with the Grand River at Grand 
Junction, Colo. During 1890, the narrow-gage line ex- 
tending over the Rocky Mountains by Tennessee Pass to 
Glenwood Springs was made standard gage, and a stand- 
ard-gage connecting link was constructed from Glenwood 
Springs to Grand Junction to connect with the Rio 
Grande Western R.R., which was at that time being 
made standard gage. 

In connection with the change to standard gage, the 
1% grades of the old narrow-gage line west of Tennessee 
Pass were reduced to maximum grades of 3% between 
Tennessee Pass and Minturn, and upon completion of 
this work the Tennessee Pass line was made the transcon- 
tinental route. Since then, the main line operations have 
been conducted over 3% maximum grades descending 
west from Tennessee Pass to Minturn (about 30 miles), 
and 4% grades descending west from Soldier Summit to 
Tucker, Utah (27 miles). The two mountain ranges 


New line, 2% grade, 11% miles.) 


country adjacent to the present line, seemed to impose 
unusual difficulties for the development of a line on the 
westerly slope to such an extent as would permit mater- 
ial reduction in the maximum grades. 

In 1909, however, extensive additional surveys were 
made and the problem was studied carefully with the re- 
sult of the adoption of a 2% maximum grade descending 
west from Soldier Summit. These surveys showed that 
by taking advantage of a lighter grade west of Tucker 
and constructing a new line 15 miles in length, the seven 
miles of 4% grade could be eliminated by the addition 
of only 4.46 miles in distance. The accompanying map 
shows the old 4% line, the new 2% line and a third lo- 
cation with a maximum grade of 2.2%. 


Tur New Low-Grape Line 


As might be expected, the detour line, on account of 
the necessary development of distance, contains a much 
larger amount of curvature than the old line. The max- 
imum rate of curve is 9°, but only in a few instances was 
it necessary to employ this maximum rate, such cases 
being usually on the loops. In general the detour line 
is on 2% supported grade (compensated for curvature), 
but at passing tracks this grade is flattened to give in- 
ereased facility in operation. 

Owing to the fact that the line throughout its whole 
length lies close to the summit of the range, only com- 
paratively small openings are necessary to provide ample 
waterway for both normal and flood flow of streams. In 
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fact, ve largest opening is a 12-ft. concrete arch. All 
etre crossings were effected by the use of some form 
of rete culvert. 

{ line is double track, with tracks spread 15 ft. c. to 


.. p juiring a roadbed width of 35 ft. It is laid with the 
new /U-lb. rail section of the D. & R. G. R.R., which was 
rol for the first time in 1913. Tie-plates are placed 
on « ery tie, and a liberal number of anti-creepers is ap- 
plie. The track is ballasted with 10 in. of gravel. 


Construction Work 


‘ie contract for the grading and masonry on the en- 
tire line was awarded to the Utah Construction Co., of 
Ogden, Utah, and work was started in January, 1913. 
(reat difficulties were encountered by the contractors in 
getting equipment on the line, on account of the moun- 
tainous character of the country and of the wide diver- 
gence of the new from the old line, at various places. At 
some points, temporary tracks were laid to the new line 
and the steam shovels were moved under their own 
power over these tracks. At other points, steep inclines 
were constructed and the steam shovels were hauled up 
the inclines by cables. 

These difficulties were considerably augmented by the 
requirement that entire construction must be effected in 
a few months and the line placed in operation in the fall 
of 1913. This necessitated an abnormally large amount 
of equipment, force reports showing that at one time 20 
steam shovels were at work. Some of these, in addition 
to working day shifts, were required to work night shifts 
for weeks at a time. Generally speaking, most of the 
work of grading was performed by steam shovels and con- 
tractor’s trains. The grading quantities moved consisted 
of approximately 3,500,000 cu.yd. of material, about 33% 
of which was solid rock, and the masonry work comprised 
the placing of about 13,400 cu.yd. of mass concrete. 


TRAFFIC 


Freight traffic on this portion of the line consists prin- 
cipally of coal and coke produced in Emery and Carbon 
Counties, Utah, this being collected by various branches 
and spurs from the main line on the easterly slope of the 
Wasatch Mountains. The loaded movement is almost 
exclusively westward, the empty cars being hauled east- 
ward to supply the demand for loading. Although the 
old 4% grades descended in the direction of the loaded 
trains they had the effect of limiting the capacity of the 
line, for the reason that the tonnage per train down the 
grade was limited by the capacity of the air pumps on 
the locomotives. Passenger traffic consists of three regu- 
lar heavy through passenger trains each way per day. 
During the summer months the passenger traffic necessi- 
tates the operation of additional sections of these trains. 

It is evident that the operation of the 2% line will 
effect great economies in operating expense, notwith- 
standing the fact that the new line is about 414 miles 
longer than the old one. The work was under the super- 
vision of J. G. Gwyn, Chief Engineer of the Denver & 
Rio Grande R.R., and Arthur Ridgway, Assistant Chief 
Engineer. L. B. Furman, Construction Engineer, was in 
direct charge of location and construction. 


Automobile Engineering as a career is to be presented 
to students in various engineering schools in a series of 
talks by members of the Metropolitan Section of the Society 
of Automobile Engineers. 
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Proposed Joint Garbage and 
Rubbish Incinerator and 
Sewage Pumping Plant, 
Trenton, N. J. 


A garbage and rubbish incinerator of 120 tons daily 
capacity, including just enough ashes to assist combus- 
tion and produce a good clinker, has been recommended 
for the city of Trenton, N. J., in report to the City Com- 
missioners submitted on Dec. 22, 1913, by Hering & 
Gregory, consulting engineers, New York City. It is 
advised that the heat from the proposed high-tempera- 
ture incinerator be converted into electric current and 
transmitted to the sewage-pumping station for use in 
lifting the sewage of the city to the new sewage-treat- 
ment works. It is also proposed that the clinker from 
the incinerator be used for concrete for pavement foun- 
dations. It is assumed that the incinerating plant would 
serve 150,000 people, or the estimated population of 1930 
(the population in 1910 was 96,815). The estimated 
first cost of the joint plant is $368,000, of which $195,- 
500 is for the incinerator and $172,500 for the pumping 
plant. The joint operating expenses, interest and sink- 
ing-fund charges are estimated at $47,310, of which $28,- 
340 is for incinerator and $18,970 for pumping. 

At present the garbage of Trenton is drained by the 
householders and wrapped in paper before being placed 
in a receptacle for colleetion, in accordance with a city 
ordinance approved Mar. 29, 1913. The garbage and 
rubbish are collected together by the city and burned in 
a Davis crematory, built in or about 1901. During the 
year ending Teb. 28, 1913, a total of 13,849 tons of 
garbage and rubbish were burned in the furnace, or about 
45 tons per day on a six-days-per-week basis. More than 
60 tons were sometimes burned in one day. The amount 
of auxiliary fuel (coal) used during the year was 275 
tons. The labor force included four men, besides a super- 
intendent and clerk at the plant. The total cost of labor, 
fuel, repairs, light, ash removal (from the furnaces) and 
miscellaneous items for the year was $6634, or 48c. per 
ton—“a comparatively low figure,” the report states. It 
will be noticed that the items named do not include cap- 
ital charges. At the time the furnace was visited by the 
engineers making the report under review no objection- 
able features were noted and they were informed there 
has been no nuisance to near-by houses since the garbage 
was wrapped. 

The weight of garbage and rubbish collected in Tren- 
ton was 13,800 tons in 1912, and about the same in 1911. 
The monthly average for 1912 was 1150 tons, ranging 
from 693 tons in February (29 tons per day) to 1604 
tons in September (62 tons per day). In 1911, also, 
February and September were the low and high months. 
The total per capita weight of garbage and rubbish in 
Trenton is 270 lb. (0.135 ton) per year. Separate fig- 
ures not being available the engineers estimate 180 |b. 
(0.09 ton) of garbage and 90 Ib. (0.045 ton) of rubbish 
per capita per year. 

A total of 38,285 tons of ashes were collected in 
Trenton in 1912 (3190, average; 5105, maximum; 
1650, minimum per month). The ashes averaged 
730 lb. (0.365 tons per capita per year, making the com- 
bined garbage, rubbish and ashes 1000 Ib. per year. On 
this basis a population of 150,000 would yield 13,500 



























































i 


Gg RAR IER co 














































































































































































































































tons of garbage, 6750 tons of rubbish and 54,750 tons of 
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ashes per year, or a total of 75,000 tons. 

In the estimates for an incinerating plant it was as- 
sumed that “not less than 20% of the total mixed refuse 
charged into the furnaces should be ashes,” and that 
the remainder of the ashes should be used for filling low 
land, which is the present method of ashes disposal. The 
maximum daily quantity of mixed refuse to be burned 
when a population of 159,000 was reached would be 123. 
tons, so that two 60-ton furnaces would be ample. The 
estimates include three 200-hp. boilers—one for each in- 
cinerator and the third as an auxiliary coal-fired boiler 
to produce power for the sewage-pumping station on Sun- 
days or at any other time when the incinerators were not 
being fired. The boiler evaporation was assumed at 1 |b. 
of water per pound of refuse burned. It is proposed 
that when the garbage is less than the average a larger 
amount of ashes should be delivered to the incinerating 
plant. 

The engineers found that the city of Trenton now uses 
about 8000 cu.yd. of concrete per year for pavement foun- 
dations, requiring about 6750 cu.yd. of broken stone. This 
stone cost about $1.53 per ton on board cars at Trenton, 
or about $1.83 per cu.yd., assuming a weight of 2400 lb. 
per cu.yd. On the basis of 15% of clinker, of which 80% 
would be suitablc for concrete, the incinerating plant 
would yield about 3000 tons of available clinker, or at 
1200 Ib. per cu.yd., about 5000 cu.yd. of clinker per 
year for a population of 150,000. This is considered less 
clinker than the yardage of broken stone used for pave- 
ment foundations in the Trenton of today, which has a 
population estimated at 110,000. 

The estimated annual cost of garbage and rubbish in- 
cineration and sewage pumping has already been given 
as totaling $47,310. This is net cost, or what remains 
after allowing $5000 a year for the value of the clinker. 
‘he value of the heat from the incinerating plant does 
not appear directly as income credited to the incinerator, 
because the labor in the power plant at the incinerator is 
charged to the sewage-pumping station. The yearly cost 
is given in the accompanying table. 

TABLE I. ESTIMATED ANNUAL COST AND INCOME FROM REFUSE 
INCINERATOR AND ESTIMETED ANNUAL COST OF SEWAGE PUMP- 
ING STATION, TRENTON, N. J. 


INCINERATOR 
Operation 





Depurviniens dae WGe oo on is on es cick vows oe eeene $13,680 
URGE M6 QUNORS si cicdcds:. , x nnad Fa dhe bed wes 600 
Maintenance and repairs... ..........656.eeeeeee 1,700 
Crushing and screening clinker.................. 2,000 
_ $17,980 
Sues THOR: GEMNINOE «0.5 5.5.5 5.c's 2 45 0 vee biked Peas nee ie cess —5,000 
$12,980 
Fixed charges (on $195,500): 
Interest at 3.5% Se eae ie a rd ar $8,800 
ee TIGL, ND. code aco cdcatdecensaenator 6,560 





— $15,360 $28,340 
SEWAGE PUMPING STATION 


Operation 
Labor in power plant at incinerator...... ob sacha 
Labor in sewage pumping station....... Pes ne 3,720 
Coal for Sunday operation. .......... 2.2.5.2... 1,140 
Coe WD, WOON, COs 6. ao cdc xc dans dcdabsans 650 


— $8,130 
Fixed charges (on $172,500 
Int tat 4.5° er $7,766 
Sinking fund, 1.783 bs pela k ne Chee 3,080 
———_ $10,840 $18,970 
Total for joint works % cihubetan been ties $47,310 


The possibility of using storage-battery electric-motor 
trucks, charged from the generating plant, is considered, 
but is dismissed for the present in view of the use. the 
city has for all the current at the pumping station. 
Estimates for garbage disposal by reduction, retain- 
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ing the old crematory for burning garbage, are in 
in the report. This plan would involve three colle 
(garbage, rubbish and ashes separately), beside< 
abandonment of the garbage-wrapping practice just 
tablished and the provision (the report states) of t 
metal wagons for the collection of the wet garbage. 
would also require extra garbage transportation. 
est :iates show an extra cost of reduction over incin 
tion as follows: construction account, refuse dis) 
$46,000; pumping station, $2300; total, $48,300. Ye. 
Cost: refuse disposal, $16,440; sewage pumping, $9:}:) 
total, $25,830. It should be added that the first cost 
the reduction plant proper is estimated as somewhat 
than the first cost of the proposed incineration pl, 
with the electric-generating plant, but that the reducti: 
plant would require an extra outlay of $31,500 for equi) 
ment for the separate collection of garbage and rubbisi: 
R 


Failure of 8-Ft. Reinforced- 
Concrete Water Conduit at 
Montreal, Canada; City’s 
Water Cut Off 


On Dec. 25, 1913, the five-mile reinforced-concrete 
water conduit of Montreal burst, depriving the city of 
water. The break is near midlength of the conduit, where 
canal-enlargement excavation comes close to the pipe and 
below its invert level. The trouble developed during a 
week, more or less, beginning with signs of leakage, or 
seepage, which led up to the breaking out of the lower 
quarter of the pipe on the canal side for 2 length of 60 
ft. on Christmas day. Temporary repairs are nearly 
completed as we go to press. A scanty domestic supply 
was provided by (1) feeding the city mains from the 
supply network of the Montreal Water & Power Co.* 
through existing connections of small capacity, and (2) 
distributing water with carts. The fire-protection was 
reduced to near zero. 

The repairs made are of emergency character, but as 
the city has no duplicate supply-line the patched-up con- 
duit may have to be depended upon for the year or more 
before flow in the old intake canal can be restored and 
the city’s filter plant completed; the latter has been 
under construction for two years. 

The full facts concerning the failure will not be avail- 
able until the promised local investigations are made. 
We base the following brief preliminary account on an 
inspection of the break by an editor of ENGINEERING 
News and statements to him by Water Department of- 
ficials. 

Canal AND Conpurt—The conduit, built five years 
ago, is 27,300 ft. long, and lies along the north bank of 
the open “City Aqueduct” Canal, now dry, which Jed 
from the St. Lawrence River above Lachine Rapids to the 
pumping station in the western part of Montreal. Its 
intake is formed by two 6-ft. steel pipes on the river 
bed extending 1200 ft. out. The conduit was planned to 
be the permanent supply line, and to permit emptying the 
canal and enlarging it for power purposes. 

This enlargement of the canal has been in progress 
during the last few years, but in two stages (because of 
change of project), the second now under contract to 
the Cook Construction Co., Ltd. The present pr second 


*Supplies Westmount and several other suburbs, a 
small districts within the city itself. oi latetied 
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= ent (to water-line width 174 ft., depth 18 ft. 
2 etted or retained sides on 14:1 batter) ap- 
close to the conduit (17 ft. minimum), although 
r had been built quite a distance from the old 
{0)-f inal. 

‘ onduit is 9x7% ft., of horseshoe shape, laid on a 
f about 1: 5000, with crown 4 to 5 ft. below ground 
It carries water under a slight head (hydraulic 


race 5 to 10 ft. above top of pipe). It was designed 
wn he Department of Public Works (George Janin, 
Chic! Engineer), in the office of T. W. Lesage, Superin- 


tendent and Engineer of the Water Department, and was 
built by Patrick MeGovern, of Boston, Mass. Its sec- 
tion may be described as follows: 

invert: Radius, 13 ft.; thickness, 8 in. 

sides and arch: Inner face a part-circle of 4%-ft. radius, 
and so placed as to give a clear height of crown above invert 


7 ft. 8% in.; outer face, such as to give thickness at crown 


g in. thickness at base of sides 8 in., and thickness on hori- 
gontal center about 12 in. 

Reinforcement: Clinton wire mesh, of size and location not 
now known to us. 

Tue Break—Opposite the Verdun Insane Asylum, 
about halfway from intake to pumping station, the canal 
enlargement is in clay, and approaches the conduit 
closely at a point where the conduit makes a slight bend 
concave to the canal. Finished canal bottom is 5 ft. be- 
low conduit invert. The contractor has a Bucyrus drag 
scraper at work, and has brought the canal section to 
practically full width and depth. The scraper operates 
on the north bank, not far from directly over the con- 
duit, and works longitudinally. Some 5 ft. of spoil has 
been piled on the bank over the conduit in addition to 
the original cover, making at present about 10 ft. depth 
of earth over crown. 

Water department officials state that nearly a week 
before the break the conduit was laid bare and a small 
flow of water came from ‘a “slight fissure” in the ex- 
posed lower corner of the conduit. Probably this flow 
contributed to exposing the pipe; the bank just east 
and west of the break shows a smooth slope whose diag- 
onal distance from the pipe is 8-12 ft. Attempts were 
made to close the leak by calking, and (by dumping 
stone behind sheeting or cribbing) to prevent wash. 
Canal excavation was stopped. 

Wash and undermining of the pipe evidently pro- 
gressed, however. The officials also mention the con- 
tinuous distorting pressure caused by the surcharged 
bank above and landward of the conduit, and the-canal 
side exposure. At any rate, about 5 p.m., Dee. 25, the 
lower 2 ft. of the southerly conduit wall, with a piece of 
the bottom, broke out on a length of 60 ft., and emptied 
the conduit. The headgates were then shut. 

tePAIR—It was promptly decided to repair the break 
by inserting a thimble of steel pipe. A few hours after 
the break the Caledonian Tron Works, of Montreal, were 
given a rush order for 7-ft. riveted steel pipe of 14-in. 
plate. The pipe has been made in 18-ft. lengths with a 
ring angle at each end as a bolting flange; 7 lengths were 
furnished, ultimately. 

Excavating to clear the conduit, and cutting out the 
roken portion, oecupied the next two days. To break 
the conerete mudeapping was tried, but better results 
were had by using the drag-line bucket as a maul. The 
final gap in the conduit was 62 ft. long. The steel pipe 
being about 125 ft. long, a lap of 30 ft. is obtained. The 
steel pipe was placed and cribbed up on Monday, Dee. 29, 
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and the ends sealed into the conduit with cement morta! 
It was expected that, after stiffening the exposed part 
of the steel pipe with timbers, water could be turned in 
Tuesday, Dee. 30, but Tuesday noon service had not yet 
been restored. 

The extent of the tie-up of the water system has de- 
veloped intense public indignation, promising to lead 
to various investigations of the whole scheme of water 
supply improvement which is in progress. 

The city executive department has named J. A. Jamie- 
son and P. W. St. George a committee to report at once 
on the ccndition of the conduit. Temperatures wel! be- 
low freezing have prevailed since Dec. 26, so that it is 
supposed that in any event the conduit is secure against 
breakout until the Spring thaw. 

x 


Valuation of Toronto Electric 
Railways 


The valuation of electric-railway property in Toronto, 
Ont., a step previous to the contemplated purchase by the 
municipality, has been completed by B. J. Arnold and 
J. W. Moyes. The task was comparatively simple, con- 
sisting of (1) finding the cost of replacement and (2) 
estimating the intangible values, largely those of ex- 
pected profits under unexpired franchises. The proper- 
ties studied were the Toronto Ry., the Toronto and York 
Radial Ry., and the Toronto Suburban Ry. (the last 
two only so far as within the city limits). An inventory 
and examination were made to which were applied unit 
prices, checked by company and city purchases and by 
manufacturers’ quotations. The percentages added for 
organization, engineering and incidentals varied from 5 
to 15%, averaging 6.4%. <A further 3% was allowed for 
carrying charges during construction and 2% for legal 
and financing expenses. No allowance was made to 
cover development expense and promotion profit. Various 
rates of depreciation were applied to the property items; 
stores, real estate, legal expenses, carrying charges dur- 
ing construction and incidentals were not considered de- 
preciated. The total estimate of tangible property 
amounted to $9,894,483 for the first company, $91,604 
for the second and $51,144 for the third. 

Under the existing franchise the first-named company 
may operate until September, 1921, the city doing all 
paving and furnishing track foundations. The com- 
pany pays the city $800 per mile a year plus a percentage 
of gross receipts. Mr. Arnold decreased these last by all 
such payments and the usual operating expenses, leaving 
the rest as the profit of the company. The present value 


of this sum was then found for each year of the remain- 


ing franchise term and summed to give the intangible 
value of the properties. The appraisers found the very 
favorable operating ratio of 55% (operating expenses 
to income) applying to probable future earnings. The 
increase of earnings, based on probable square of popu- 
lation increase, was found to be 10% for five years and 


8% for the remainder of the term. However, due to 
the probable construction of a subway in event of non- 
purchase by the city, the earnings were increased only 


1 


10% for three years, 8% for three years and 6% for the 
rest of the term. The apparent franchise value was re- 
ported as $15,701,106, but this figure was subject to a 
further reduction; the added investment per year to 
care for the traffic was estimated at $887,500, which, after 
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tons of garbage, 6750 tons of rubbish and 54,750 tons of 


ashes per year, or a total of 75,000 tons. 

In the estimates for an incinerating plant it was as- 
sumed that “not less than 20% of the total mixed refuse 
charged into the furnaces should be ashes,” and that 
the remainder of the ashes should be used for filling low 
land, which is the present method of ashes disposal. The 
maximum daily quantity of mixed refuse to be burned 


when a population of 150,000 was reached would be 123. 


tons, so that two 60-ton furnaces would be ample. The 
estimates include three 200-hp. boilers—one for each in- 
cinerator and the third as an auxiliary coal-fired boiler 
to produce power for the sewage-pumping station on Sun- 
days or at any other time when t'.e incinerators were not 
being fired. The boiler evaporation was assumed at 1 |b. 
of water per pound of refuse burned. It is proposed 
that when the garbage is less than the average a larger 
amount of ashes should be delivered to the ineinerating 
plant. 

The engineers found that the city of Trenton 
about 8000 cu.yd. of concrete per year for paver 
dations, requiring about 6750 cu.yd. of broken 
stone cost about $1.53 per ton on board cars 
or about $1.83 per cu.yd., assuming a weight ¢ 
per cu.yd. On the basis of 15% of clinker, of 
would be suitablc for concrete, the incinera 
would yield about 3000 tons of available clim 
1200 lb. per cu.yd., about 5000 cu.yd. of Gil 
year for a population of 150,000. This is consi 
clinker than the yardage of broken stone use@ 
ment foundations in the Trenton of today, 
population estimated at 110,000. 

The estimated annual cost of garbage and 
cineration and sewage pumping has already % 
as totaling $47,310. This is net cost, or what 
after allowing $5000 a year for the value of @ 
‘The value of the' heat from the incinerating™ 
not appear directly as income credited to the 
because the labor in the power plant at the ing@ 
charged to the sewage-pumping station, The ¥ 
is given in the accompanying table. 






















TABLE L. ESTIMATED ANNUAL COST AND INCOME F 
INCINERATOR AND ESTIMETED ANNUAL COST OF SE 
ING STATION, TRENTON, N. J. 
INCINERATOR 
Operation 


Supervision and labor. 
Removal of ashes. . 
Maintenance and repairs err 
Crushing and screening clinker. 


Income from clinker 


MEARS Cie ben's ws Ka +. 


$12,980 
Fixed charges (on $195,500): 
Interest at 3.5%.. 
Sinking fund, 3.356% 





— $15,360 $28,340 
SEWAGE PUMPING 
Operation 
Labor in power plant at incinerator....... 
Labor in sewage pumping station... .. 


Coa! for Sunday operation 
Oil waste, packing, ete 





$8,130 
Fixed charges (on $172,500 
iuteruat ot 4.8 Ga $7,700 
fund, 1.783 Keushec kc aoe 3,080 
—— $10,840 $18,970 


Total for joint works . <p vGbeduek Vine e'p alee $47,310 


The possibility of using storage-batterv electric-motor 
trucks, charged from the generating plant, is considered, 
but is dismissed for the present in view of the use. the 
city has for all the current at the pumping station. 
Estimates for garbage disposal by reduction, retain- 
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ing the old crematory for burning garbage, are in 
in the report. This plan would involve three colle: 
(garbage, rubbish and ashes separately), besides 
abandonment of the garbage-wrapping practice just 
tablished and the provision (the report states) of ti 
metal wagons for the collection of the wet garbage. 
would also require extra garbage transportation. 
est'riates show an extra cost of reduction over incin: 
tion as follows: construction account, refuse disp: 
$46,000; pumping station, $2300; total, $48,300. Ye. 
Cost: refuse disposal, $16,440; sewage pumping, $93: 
total, $25,830. It should be added that the first cost 
the reduction plant proper is estimated as somewhat |. 
than the first cost of the proposed incineration pl. 
with the electric-generating plant, but that the reducti: 
plant would require an extra outlay of $31,500 for equi) 
ment for the separate collection of garbage and rubbis! 
& 
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NFWs and statements to him by Water Departmen 
ficials. 

Cana AND Conpuit—The conduit, built five years 
ago, is 27,300 ft. long, and lies along the north bank of 
the open “City Aqueduct” Canal, now dry, which’ led 
from the St. Lawrence River above Lachine Rapids to the 
pumping station in the western part of Montreal. Its 
intake is formed by two 6-ft. steel pipes on the river 
bed extending 1200 ft. out. The conduit was planned to 
be the permanent supply line, and to permit emptying the 
canal and enlarging it for power purposes. 

This enlargement of the canal has heen in progress 
during the last few years, but in two stages (because of 
change of project), the second now under contract to 
the Cook Construction Co., Ltd. The present pr second 





*Supplies Westmount and several other suburbs, a 
small districts within the city itself. =e 
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ent (to water-line width 174 ft., depth 18 ft., 
etted or retained sides on 44:1 batter) ap- 
close to the conduit (17 ft. minimum), although 
r had been built quite a distance from the old 
{0-1 wal. 

7). conduit is 9x74 ft., of horseshoe shape, laid on a 
f about 1: 5000, with crown 4 to 5 ft. below ground 

It carries water under a slight head (hydraulic 
5 to 10 ft. above top of pipe). It was designed 
un he Department of Public Works (George Janin, 
(hic! Engineer), in the office of T. W. Lesage, Superin- 
tendent and Engineer of the Water Department, and was 
built by Patrick McGovern, of Boston, Mass. Its sec- 
tiol may be described as follows: 

invert: Radius, 13 ft.; thickness, 8 in. 

sides and arch: Inner face a part-circle of 4%-ft. radius, 
and so placed as to give a clear height of crown above invert 
q ft. 8% in.; outer face, such as to give thickness at crown 
8 in. thickness at base of sides 8 in., and thickness on hori- 


gontal center about 12 in. 
Reinforcement: Clinton wire mesh, of size and location not 
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om, broke ) pe 
the conduit. The Sieaderates were then shu 

Reparn—It was promptly decided to repair the break 
by inserting a thimble of steel pipe. A few hours after 
the break the Caledonian Iron Works, of Montreal, were 
given a rush order for 7-ft. riveted steel pipe of 1-in. 
plate. The pipe has been made in 18-ft. lengths with a 
ring angle at each end as a bolting flange; 7 lengths were 
furnished, ultimately. 

Exeavating to clear the conduit, and eutting out the 
broken portion, occupied the next two days. To break 
the conerete mudcapping was tried, but better results 
were had by using the drag-line bucket as a maul. The 
final gap in the conduit was 62 ft. long. The steel pipe 
being about 125 ft. long, a lap of 30 ft. is obtained. The 
steel pipe was placed and cribbed up on Monday, Dec. 29, 
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and the ends sealed into the conduit with cement mortar 
It was expected that, after stiffening the exposed part 
of the steel pipe with timbers, water could be turned in 
Tuesday, Dec. 30, but Tuesday noon service had not yet 
been restored. 

The extent of the tie-up of the water system has de- 
veloped intense public indignation, promising to lead 
to various investigations of the whole scheme of water- 
supply improvement which is in progress. 

The city executive department has named J. A. Jamie- 
son and P. W. St. George a committee to report at once 
on the cendition of the conduit. Temperatures wel! be- 
low freezing have prevailed since Dec. 26, so that it is 
supposed that in any event the conduit is secure against 
breakout until the Spring thaw. 

% 


Valuation of Toronto Electric 
Railways 


The valuation of electric-railway property in Toronto, 
itep previous to the contemplated purchase by the 
ality, has been completed by B. J. Arnold and 
foyes. The task was comparatively simple, con- 
of (1) finding the cost of replacement and (2) 
ng the intangible values, largely those of ex- 
profits under unexpired franchises. The proper- 
lied were the Toronto Ry., the Toronto and York 
Ry., and the Toronto Suburban Ry. (the last 
y so far as within the city limits). An inventory 
imination were made to which were applied unit 
checked by company and city purchases and by 
\cturers’ quotations. The percentages added for 
ation, engineering and incidentals varied from 5 

, averaging 6.4%. A further 3% was allowed for 

g charges during construction and 2% for legal 
nancing expenses. No allowance was made to 
levelopment expense and promotion profit. Various 

f depreciation were applied to the property items 

real estate, legal expenses, carrying charges dur- 
astruction and incidentals were not considered de- 

ed. The total estimate of tangible property 

ited to $9,894,483 for the first company, $91,604 

» second and $51,144 for the third. 

ler the existing franchise the first-named company 
yperate until September, 1921, the city doing all 

x and furnishing track foundations. The com- 
pays the city $800 per mile a year plus a percentage 

iss receipts. Mr. Arnold decreased these last by all 
payments and the usual operating expenses, leaving 

iue rest as the profit of the company. The present value 
of this sum was then found for each year of the remain- 


‘ing franchise term and summed to give the intangible 


value of the properties. The appraisers found the very 
favorable operating ratio of 55% (operating expenses 
to income) applying to probable future earnings. The 
increase of earnings, based on probable square of popu- 
lation increase, was found to be 10% for five years and 


8% for the remainder of the term. However, due to 
the probable construction of a subway in event of non- 
purchase by the city, the earnings were increased only 


10% for three years, 8% for three years and 6% for the 
rest of the term. The apparent franchise value was re- 
ported as $15,701,106, but this figure was subject to a 
further reduction; the added investment per year to 
care for the traffic was estimated at $887,500, which, after 
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discounting interest for each year, aggregated $4,987,553, 
leaving as net present value of franchises for the first 
conpany $10,713,553. The values of intangibles for the 
other two concerns named were reported to be $193,694 
and $51,144 respectively. Therefore, the total reported 
purchase value of the Toronto Ry. and portions of the 
“radial” lines within city limits was $20,944,478. 

A second report by Mr. Arnold, included in a report 
by John Mackay on the financing of the proposed pur- 
chase, covers the probable operation of the proposed mu- 
nicipal system. He estimates the Toronto population at 
705,400 in 1921 when the present franchise expires. The 
necessary track mileage would increase in that time from 
147 in 1913 to 283. Added capital for new lines, added 
cars and power equipment, etc., is estimated to require 
$13,986,000. This added to the $22,000,000 which it is 
proposed to pay for the lines gives $45,986,000 total in- 
vestment, on which fixed charges are from $1,077,000 in 
1914 to $1,626,059 in 1920. Profits on the main lines 
are calculated on the prevailing ratio of expense to gross 
income, 56% ; after deducting fixed and operating charge 
and present city percentage levy, the aggregate to 1921 
is $11,500,000, which may be applied to the amortiza- 
tion of franchise values ($10,958,391). 






Notes From Engineering 
Schools 





LOveURVUPETE NT ae 

University or PrrrspurcgH—The Engineering School 
is offering an evening course in the valuation of public 
utilities, beginning Jan. 5, and continuing for 20 weeks, 
with three sessions a week. Two periods of one hour each 
are given up to lectures and recitations, and one period 
of three hours is devoted to practice work. The subjects 
covered are Engineering, Law, Economics and Account- 
ing. It is planned to study the history of certain typi- 
cal industries, the design and construction of their 
plants, the laws wider which the governments may con- 
trol their operations, the economic worth of valuations, 
and the system of accounting best suited to companies 
operating under public-utility laws. It is assumed that 
the employment of the men entering the course requires 
previous engineering training, »0 that the instruction 
aims to give only the special fitting required for valua- 
tion work. 


NEWS NOTES 


Statements That the Cameron Septic Tank Patents are con- 
trolled by the Sterilization Co., of Newark, N. J., have been 
given considerably publicity of late. We are informed by the 
Cameron Septic Tank Co., of Chicago, that the statements are 
“entirely unwarranted, and further that the ownership and 
control of the Cameron septic process patent is vested in” the 
Cameron Septic Tank Co. 

A Drifting Balloon Record of 1739 miles is reported to have 
been established on Dec. 13-17 by one Kevlen who ascended 
at Bitterfeld, Prussian Saxony and descended at Perm, Rus- 
sia. This exceeds the claimed record of Rumpelmayer for a 
voyage between Paris and Kharkov, Russia, in March, 1913, 
and far surpasses the record of 1193 miles established by 
Count de la Vaulx in 1900. 

Proposal for a Municipal Dam to be leased toa local power 
company, was approved by the voters of Cedar Rapids, Iowa, 
on Dec. 15, 1913, 1697 to 758—women voting. The city is to 
build a $125,000 concrete structure across the Cedar River 
to replace an old timber dam. It is to be leased to the Iowa 
Ry. & Light Co., for 23 years, the contract expiring with the 
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franchise of the company. The company will pay tal 
equivalent to about 10% on this sum. The city stree: 
to be lighted at a cost of $52.50 per year per arc lamp 


A Leeemotive Boiler Exploded, which belonged to th: 
bash R.R., on the Erie R.R. tracks, in Buffalo, N, Y., on 
25. Two men were killed. 


Two 15-Ton Ladle Cars Fell into the Conemaugh R 
at the Cambria Steel Works, on Dec. 15; five workmen 
burned. A hot-metal train of six ladle cars was on its 
to the Franklin plant when the two cars left the track .nq 
toppled over into the river. 


A Brick Wall Collapsed, which formed the eastern par: of 
the old St. James Hotel, in Duluth, Minn., on Dec. 24. Ace rq. 
ing to press dispatches, the building adjacent to this \.4\) 
had been taken down and the wall of the hotel (probably in- 
sufficiently shored) fell into the excavation. 


A 65-Ft. Telephone Pole Fell on the trolley wire al. 
Fulton St., near Union Ave., Jamaica, L. L, on Dec. 23. Ao. 
cording to press reports, the pole was badly rotted at the 
butt and had Veen abandoned by the New York Telephone 
Co., and only the alarm wires of the New York Fire De- 
partment were c:rried upon it. 


A Heavy Sea washed out a 75-ft. section of an unfinished 
concrete pier at Venice, Calif., on Dec. 13. According to press 
dispatches, the day was clear and the ocean beyond the 
line of surf did not appear unusually rough. The sea was 
as heavy off the other coast towns in the vicinity of Los 
Angeles, Calif. 


A Section of a Wooden Railroad Trestle Collapsed, at A.- 
gusta, Ga, on Dec, 22, due to a collision between two locomo- 
tives and 20 freight cars (the cars were standing) on the 
trestle. The locomotive and four freight cars fell into the 
Savannah River below. According to press dispatches, the 
engineer of one of the driving locomotives stated that there 


were no lights on the cars which were standing on the 
trestle. 


The Portsmouth (England) Dockyard Burned, on Dec. 20, 
with an estimatei ‘oss of about $1,000,000. The fire, of un- 
known origin, was first discovered in a sail loft. Two 
lives were lost and the old semaphore tower, which in pre- 
telegraph days was the signaling station between the fleet 
and the Admiralty, was destroyed. The new battle cruiser 
“Queen Mary,” moored by the jetty, was towed beyond the 
danger zone. 


A Panic Due to a False Alarm of Fire at a Christmas Eve 
celebration in Italian Hall, Calumet, Mich., caused the death 
of 75 persons, of whom 56 were children, on Dec. 24, 1913. 
About three-fourths of the 700 persons in the hall were child- 
ren, cnd these latter were standing in the aisles, about to 
move forward to receive gifts from a Christmas tree, when 
the false alarm was given. The principal exit was a narrow 
Stairway at the tack of the hall and this was filled to the 
top with bodies. There was a fire escape at the rear of the 
building, but only those in its immediate vicinity could make 
use of it; others jumped from the windows which were but 
a few feet from the ground. The celebration was attended by 
several hundred striking copper miners, their wives and 
children. 


An Elevated Railway Rapid Transit System for Chicago, 
consisting of a development of the present elevated railway 
system, is being advocated by the Northwest Side Commercial 
Agsocistion. At present there are four lines entering at the 
loop in the business center of the city, and these have a2 
number of branches, while the traffic of all the lines con- 
verges to and passes through the congested business district. 
The first improvement suggested consists in the construction 
of about 7% miles of line to link up existing lines and 
create a north-and-south elevated line just west of Ashland 
Ave., enabling persons to pass between the northern and 
southern sections of the city without passing through the 
loop district. Numerous future extensions of the existing 
lines into the outlying sections are projected also, as well as 
an elevated line just east of Halsted St. (in a densely popu- 
lated factory neighborhood) from from North Ave. to 63d St. 

The through routing of elevated trains, recently put into 
effect, has somewhat reduced the congestion on the loop, but 
still practically every train on the elevated railways has to 
pass through the loop district, in spite of the fact that the 
westward growth of the city has developed districts which 
are quite independent of the business center of the city. It 
is estimated that linking up the existing lines to form a 
through route as above described would greatly reduce the 
congestion on the elevated railways. 

Dissolution of the Alliance between the Bell telephone and 
Western Union telegraph systems has been agreed upon be- 
tween these companies end the U. 8S. Attorney General, to 
prevent suits under the Sherman Act. The American Tele- 
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« Telegraph Co. also has agreed not to acquire any 
con ng systems and to extend toll-line service to other 


tele ne companies. This separation will halt the expected 
uni ion of the Bell and Western Union services and the 
furt economies which were expected to result from a more 
con te merging of equipment than had been secured. 

steel Ralls and Other Track Equipment for the new New 
Yo City Subway System are to be bought under contract 
with separate manufacturers by the Public Service Commis- 
sio! Formerly the practice was to let contracts for the 
work and allow the contractor to purchase the materials. 
the new plan the Commission will advertise for bids 
for the supply of such materials, and after awarding the con- 
tra‘ will make another contract with contractors experi- 
enced in building railroads to do the work of track laying, 
etc. Of the 324 miles of single-track construction called for 


by the Dual System contracts, the work on city-owned lines 
wil) cover 260 miles. As the specifications call for steel rails 
weighing 100 lb. to the yard, it is calculated that the Com- 
mission will purchase about 520 miles of single rails, which 
will weigh about 45,760 tons. On account of sidings, etc., it 
is probable that the actual amount will exceed these figures. 
A public hearing on the form of contract for supplying such 

















materials will be held by the Commission on Jan. 9, 1914, 
anne ae weeNUnannennneanonnen 
Mr. W. F. Drysdale, recently Mechanical Engineer of the 


Northern Ry., of Costa Rica, at Limon, Costa Rica, has re- 
signed. 

Mr. Perry T. Hanscom, Assoc. Am. Inst. E. E., Assistant 
to the President of the Great Western Power Co., San Fran- 
cisco, Calif., has resigned. 


Mr. R. L. Cooper, recently Engineer of the Conn Construc- 
tion Co., has been appointed Chief Engineer of the Fort 
Dodge, Des Moines & Southern R.R., at Boone, Iowa. 


Mr. John J. Mantell, recently Terminal Trainmaster of the 
Erie R.R., at Jersey City, N. J., has been promoted to be Su- 
perintendent of the Wyoming division at Dunmore, Penn. 


Mr. T. E. Coyle, recently Assistant Superintendent of the 
Northern Pacific Ry., at Tacoma, Wash., has been promoted 
to be Superintendent of the Pasco division, at Pasco, Wash. 


Mr. Wm. Neland, formerly Chief Inspector of the Board of 
Public Works of Honolulu, H. I. is now Superintendent of 
Construction for the Kauffman-Price Construction Co., Oak- 
land, Calif. 


Mr, A. L. Dabney, M. Am. Soc. C. E., Chief Engineer of the 
Dabney Engineering Co., Memphis, Tenn., has been selected 
to make plans for a proposed new water-works system for 
Vicksburg, Miss. 


Mr. L. S. Rose, Signal Engineer of the Cleveland, Cin- 
cinnati, Chicago & St. Louis R.R., has been appointed Ez- 
gineer in charge of valuation work, with headquarters at 
Cincinnati, Ohio. 


Mr. Augustine W. Wright, M. Am. Soc. C. E., whose resig- 
nation as a member of the Board of Public Utilities of Los 
Angeles, Calif., was noted in our personal columns of Dec. 
18, has withdrawn his resignation at the special request of 
Mayor Rose, and has been elected President of the Board. 


Mr S. E. Neil has been appointed County Highway En- 
gineer of Marion County, Ala. He hes previously been con- 
nected with the Tennessee Coal, Iron & Railroad Co., the 
American Coal Corporation, the engineering cepartment of 
the city of Birmingham, Ala., and Milner & Browne, Civil 
Sngineers, Birmingham. ; 


M-. John R. Brownell has resigned as Safety Engineer of 
the Pennsylvania Steel Co., Steelton, Penn., to become Su- 
perintendent of Safety of the State of California, with head- 
quarters at Sacramento. This is a newly created position, 
the duties cf which are similar t» those of the Commissioners 
of Labor of some of our Eastern states. 


Mr. Milo R. Maltbile, Member of the Public Service Com- 
mission, First District, of New York State, has been appointed 
Chairman of the executive committee of the Committee of 
Fiiteen, appointed by the National Association of Railway 
Commissioners to represent the state public service commis- 
sions in the appraisal of interstate railways. 


Mr. George Hall Hazlehurst, a graduate in civil engineer- 
ing of Rensselaer Polytechnic Institute and Harvard Uni- 
versity, has resigned his position as Sanitary Engineer of 
the Atlantic Coast Line Ry.. at Wilmington, N. C., to become 
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his father, Mr. James Nisbet Hazlehurst, M 
E., Consulting Municipal Engineer, Atlanta, Ga. 

Mr. W. D. L. Hardie, a civil and mining engineer cof West- 
ern Canada, as been elected Mayor and Commissioner of 
Finance and Safety of the city of Lethbridge, Alta., under 
the new commission plan of city government. The other two 
commissioners are Mr. A. M. Grace, M. Am, Soc. C. E., Com- 
missioner of Public Works, and Mr. Arthur Reid, Assoc. Am. 
Inst. E. E., Commissioner of Public Utilities. 

Mr. Frederick W. Mayes, formerly with the New York 
Insurance Exchange, New York City, has been made the head 
of the Brooklyn Engineering Insurance & Inspection Bureau, 
established as a special department of Pendleton & Pendleton, 
Brooklyn, N. Y. The purpose of the bureau is to 
an advisory capacity to architects, builders, owners, 
facturers and others on matters of reduction of 
rates, fire protection and prevention and 
related to insurance engineering. 


Mr. Frank G. Baum, M. Am. Inst. E. E., Assoc. M. Am. 
Sce. C. E., Consulting Engineer, San Francisco, Calif., and 
recently Chief Engineer of the Lake Spaulding dam and the 
South Yube hydr>-electrie power Cevelopment of the Pacific 
Gas & Electric Co., described in our columns of Dec. 11, 1913, 
was the guest of hcnor at a banquet tendered him on Dee. 
19 by the officers of the company. About 200 guests were 
present, including many prominent engineers and business 
men. Mr. John A. Britton. Vice-President and General Man- 
ager, was toastmaster. 


Mr. Kingsley L. Martin, M. Am. Soc. C. E., has resigned as 
Vice-President of the Foundation Co. New York City, to 
become President of the Whiting Paper Co., Holyoke, Mass. 
He will make his home in Springfield, Mass. Mr. Martin was 
formerly Bridge Commissioner of New York City, after hav- 
ing been connected with the bridge department of the city 
for many years. He was Assistant Engineer of the Brooklyn 
Bridge in «892 and Assistant Engineer of the Williamsburg 
Bridge in 1896. During the Spanish-American War he 
served in the United Statés Navy. In 1904 he was made En- 
gineer in charge of the Williamsburg Bridge, and in 1908 
Chief Engineer of the Department of Bridges. Mr. Martin 
was elected Vice-President of the Foundation Co., in June, 
1910. 


Mr. T. H. Beacom, Assistant General Manager of the First 
district of the Chicago, Rock Island & Pacific Ry., at Des 
Moines, Iowa, has been promoted to be General Manager of 
the Third district, at El Reno, Okla., succeeding Mr. Charles 
W. Jones, who has been promoted to be General Manager of 
the First district. Mr. Beacom is a native of Iowa and began 
his railway experience at 16 years of age as a timekeeper 
with a construction gang on the Chicago, Milwaukee & St. 
Paul Ry. His service with the Rock Island began in 1884 as 
a brakeman; he was promoted to be conductor, yardmaster, 
trainmaster, and in February, 1904, to be Superintendent of 
the Oklahoma division. In December, 1909, he was made Gen- 
eral Superintendent, and in 1912 Assistant General Manager 
at El Reno. 


Mr. C. P. Fortney, 


serve in 
manu- 
insurance 
all other problems 


Assoc. M. Am. Soc. C. E., recently Su- 
pervisor of Mechinery Erection, at the Gatun Locks, Panama 
Canal, has resigned to accept a position under Maj. John C. 
Oaks, Corps of Engineers, U. S. A., on the construction of 
one of the dams in the Ohio River, near Louisville, Ky. Mr. 
Fortney entered the service of the Isthmian Canal Commis- 
sion on Aug. 22, 1907, as a draftsman on masonry and valve 
design. In Apr:l, 1909, he was transferred to the field in 
charge of certain parts of the work on the Gatun locks con- 
struction plant. The followiig September he was promoted 
to be Superintendent of Masonry Construction at Gatun. Two 
years later he was placed in charge of the installation of the 
permanent lock-operating machinery, which is the position 
he has just resigned, the work having been practically com- 
pleted. 


Mr. Frederic A. Delano, M. Am. Soc. C. E., former Presi- 
dent and one of the receivers of the Wabash R.R., has been 
elected President of the Chicago, Indianapolis & Louisville 
Ry., succeeding Mr. Fairfax Harrison, resigned, as noted in 
our columns of Dec. 11. Mr. Delano is well known as a writer 
en transportation subjects and has had a varied and interest- 
ing experience in engineering and railway work. Born In 
Hong Kong, China, in 1863, he was graduated from Harvard 
University and entered the railway service at the age of 22 
years as a machinist apprentice of the Chicago, Burlington & 
Quincy R.R., at Aurora, Ill. Two years later he was placed 
in charge of the burean of steel rail inspection tests and 
records. For a year, 1889-1890, he was Assistant to the Sec- 
ond Vice-President, and was then appointed Superintendent 
of freight terminals at Chicago, Ill, a position which he held 
for nine years. In 1899 he was promoted to be Superintend- 
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ent of Motive Power. From 1901 to 1905 he was General 
Manager. For a few weeks in 1905 he was Consulting En- 
gineer to the United States War Department and the Philip- 
pine Commission, after which he returned to the railway 
service as Vice-President of the Wabash R.R. In October, 
1905, he was elected President, and since 1911 has been Re- 
ceiver, 

Mr. Ernest D. Bean, Assoc. M. Am. Soc. C. E., has been 
appointed Chief Engineer of the Palisades Interstate Park 
Commission of New York and New Jersey. Mr. Bean is a 
xraduate of the University of Maine, at Orono, Me., and has 
been for several years superintendent of construction for the 
firm of Barrally & Ingersoll, contractors and engineers, which 
has contracts on the western section of the New York Barge 
Canal Prior to this connection Mr. Bean was connected with 
the engineering department of the New York State barge 
canal work and with the State Highway Department. 

Mr. Lewis E. Moore, Assoc, M. Am. Soc. C. E., Assistant 
Professor of civil engineering at the Massachusetts Institute 
of Technology, has been appointed Engineer of Bridges and 
Signals of the Massachusetts Public Service Commission, suc- 
ceeding Dr. George F. Swain, President, Am. Soc, C. E., re- 
signed as noted in our issue of Dec. 11. Mr. Moore graduated 
in mechanical engineering at the University of Wisconsin in 
1900 The subsequent year he spent at the Massachusetts 
Institute of Technology studying structural engineering. One 
of his first engwinvering experiences was as Master Mechanic 
of an tron mine in upper Michigan. Subsequently he was 
connected with the Phanix Bridge Co, the Bucyrus. Steam 
Shovel Co., and the Western Electric Co He was also em- 
ployed at various times on the Illinois Central R.R., of which 
his father was at one time Chief Engineer. Mr. Moore taught 
for a year at the University of Wisconsin and three years at 
the University of Illinois before going to the Massachusetts 
Institute of Technology in 1907 to take charge of the course 
in bridge design. Since his connection with the faculty of 
the Institute he has also been employed by the Massachusetts 
Railroad Commission and its successor, the Public Service 
Commission, in the Inspection of and computation of stresses 
in bridges; besides which he has had an Independent consult- 
ing practice 

Mr. Howard 8S. Reed, Assoc. M. Am. Soc. C. E., whose 
resignation as Engineer, United States Reclamation Service, 
was noted in our issue of Sept. 11, has entered private prac- 
tice as Consulting Engineer, 215 Noll Bldg., Phoenix, Ariz. 
Mr. Reed began enxineering work in 1894, and for three 
years he was connected with Moore & Co., of Boston, Mass., in 
the building of water-works in various parts of New Eng- 
land, In 1897 he received an appointmeént in the employ of 
the Nicaraguan Canal Commission and was assigned to a 
hydrographic party under Mr. Arthur P. Davis, M. Am. Soc. 
Cc. BE. now Chief Engineer of the United States Reclamation 
Service Mr. Reed continued in the employ of the Nicarag- 
uan Canal Commission and its successor, the Isthmian Canal 
Commission, until 1902, when the ~ork was concluded, Re- 
turning to Wash *.gton, D. C., 1e was assigned to the United 
States Geological Survey and in June, 1992, was placed in 
charge of hydrographic studies on the Vinta Indian Reser- 
vation in northeastern Utah. Upon the completion of this 
work he was transferred to the Salt River Project of the 
United States Reclamation Service, and for some time was 
engaged in general engineering and various hydrographic 
investigations in Arizona. In May, 1907, Mr. Reed was placed 
in charge of operation and maintenance of the project, where 
he remetined until the thme of his resignation. In 1908 he 
designed and made plans and specifications for the Installa- 
tion of a water-works system for the city of Phoenix, and 
has since acted in a consulting capacity for the city in the 
purchase of pumps and in various engineering matters con- 
nected with an investigation of a gravity water-supply for 
the city 
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Lester Adamson Dolley, for several years engaged in rail- 
way engineering and mining work in Mexico, died in Mexico 
City, Dee. 8 He was a native of Rochester, N, Y 

James G. Hill, F. Am. Inst. Arch., former Supervising 
Architect of the United States Treasury Department, died at 
him home in Washington, D. C., Dec. 20, aged 72 years, 

James D. Kilpatrick, President of the McGraw Construc- 
tion Co., Philadelphia, Penn., died Dec. 24. He was 45 years 
old and the son of Samuel Kilpatrick, who was also a prom- 
inent contractor. 
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William D. Platt, member of the Baltimore, Md., § 
Commission, died Dec. 23. He was one of the me, 
the original commission appointed in 1905 ana had 
ever since, 

Arthur Barnes Treat, head of the contracting 
Sperry & Treat Co.,, New Haven, Conn., died Dec. 2: 
acute Indigestion. Mr. Treat's firm was contrac: 
numerous school and college buildings thronghout t) 
Many of the most notable buildings at Yale Universi; 
constructed by him. 


Hoyt H. Green, President of the Green Car Wheel 
Louis, Mo., died Dec. 19, at his home in St. Louis. | 
born in Massachusetts in 1836 He went to St. Lou 
the Mowry Car Wheel Co., of Cincinnati, Ohio, in 1 
with his brother, D. P. Green, founded the Green Cx; 
Co He was also President of the American Hardwood 
ber Co,, and Vice-President of the Williams Patent « 
& Pulverizing Co, of St. Louis. 
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COMING MEETINGS 
AMERICAN ASSOCIATION FOR ADVANCEMENT 1” 
SCIENCE, 


Dec, 29-Jan, 3. Sixty-fifth annual meeting, at Atlanta. Go 
eet. L. O. Howard, Smithsonian Institution, Washing 
ton, D, Cc, 


SOCIETY OF CONSTRUCTORS OF FEDERAL BUILDINGS 
Jan, 5-7, Fifta annual convention at Washington, |). © 
Secy., T. R. Maul, 409 P. O, Building, Philadelphia, Ponn 


MINING AND METALLURGICAL SOCIETY OF AMERICA 
Jan. 13. Annual meeting.at New York City. Secy., W. R 
Ingalls, 5605 Pearl St., New York. 


AMERICAN SOCIETY OF ENGINEERING CONTRACTORS 
Jan, 16. Annual convention in New York. Secy., J. R. 
Wemlinger, 18 Park Row, New York City. 


AMERICAN WOOD PRESERVERS’ ASSOCIATION, 
Jan. 20-22. Tenth annual convention at New Orleans, La 
secy- F,. J. ‘Angier, Timber Prerervation Co., Baltimore, 
a. 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 
Jan, 21 Annual meeting in New York. Secy., Chas. 
W. Hunt, 220 W. 57th St.. New York City. 


AMERICAN SOCIETY OF HEATING AND VENTILATING 
ENGINEERS. 


Jan. 21-28, Annual meeting in New York. Secy., E. A. 
Scott, 29 W. 39th St.. New York City. 
CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Jan, 27-29. Annual meeting tn Montreal, Que. Secy., Prof. 
Cc. H. McLeod, 176 Mansfield St., Montreal, Que, 


AMERICAN ELECTRIC RAILWAY ASSOCIATION. 
Jan. 29-317 Midyear meeting in New York. Secy. E. B 
Burritt, 29 W. 39th St.. New York City. 


NATIONAL LIME MANUFACTURERS’ ASSOCIATION, 
Feb, 4-5. Annual meeting at New York. Secy., Fred K 
Irvine, Chicage, Tl 
NATIONAL CONFERENCE ON CONCRETE ROAD BUILDING 
Feb, 12-14. Meeting at Chicago, Ill, Secy., J. P. Beck, 72 
W. Adams St., Chicago, 111. 


AMERICAN CONCRETE INSTITUTE 
Feb. 16-20. Annual meeting in Chicago, Tl. Secy., E. E 
Krauss, Harrison Building, Philadelphia. 


Kansas Engineering Soclety—The annual convention will 
be held in Lawrence, Kan,, Jan, 20-21. The Secretary is T. J 
Stricklen, Topeka, Kan, 

International Edectrical Congress——The Congress is to be 
held at San Francisco, Calff., Sept. 13-18, 1915, under the aus- 
pices of the American Institute of Electrical Engineers, by 
the authority of the International Electrotechnical Commis- 
sion, and during the Panama-Pacific International Exposition 
There will probably be about 250 papers presented. The 
first membership Invitations will be issued by March, 1914 
The meeting of the International Electrotechnical Commis- 
sion will be held during the week preceding that of the Elec- 
trical Congress, while during the week immediately following 
the Conrress the International Engineering Congress will be 
held, 


American Institute of Electrical Engineers—The second 
annual midwinter convention will be held in the Engineering 
Societies Bullding, at 29 W. 39th St.; New York City, Feb 
25-27, under the auspices of the Electric Power Committe: 
The general subject of the meeting will be “electric power.” 
and each of the subcommittees will present papers on th: 
special branch under its jurisdiction. The subdivisions of 
the subject are: (1) power stations; (2) power generation 
(3) protective apparatus; (4) transmission; (5) distribution 
(6) economics, and (7) engineering data. A full list of the 
papers to be presented at this meeting is not available at this 
time: but a complete program of the convention will be pub- 
lished in the February issie of the “Proceedings.” 
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